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ɺɺɽɼɽʅʀɽ 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʱʝʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʚʟʘʠʤʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʢʦʥʮʝʧʮʠʡ, 

ʧʨʠʥʮʠʧʦʚ, ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʦʜʥʠʭ ʥʘʫʢ ʚ ʜʨʫʛʠʝ, ʨʘʩʰʠʨʷʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʤʠʨʝ ʧʨʠʨʦʜʳ 

ʠ ʯʝʣʦʚʝʢʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʷʟʳʢ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʦʙʱʠʭ ʤʦʜʝʣʝʡ, ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʝʣʘʶʪ ʚ ʥʘʰʠ ʜʥʠ ʵʪʦʪ 

ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʳʤ, ʥʦ ʠ 

ʧʦʣʝʟʥʳʤ, çʠʙʦ ʥʝʪ ʥʠʯʝʛʦ ʧʨʘʢʪʠʯʥʝʝ, ʯʝʤ ʭʦʨʦʰʘʷ ʪʝʦʨʠʷè. ʆʩʦʙʘʷ 

ʨʦʣʴ ʧʨʠ ʵʪʦʤ ʦʪʚʦʜʠʪʩʷ ʠʤʝʥʥʦ ʩʪʘʪʠʩʪʠʢʝ ï ʥʘʫʢʝ, ʚʦʟʥʠʢʰʝʡ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ, ʧʨʠ ʦʩʦʟʥʘʥʠʠ ʦʩʥʦʚʥʦʛʦ ʧʨʠʥʮʠʧʘ çʩʧʦʥʪʘʥʥʦʛʦ (ʪʦ 

ʝʩʪʴ ʩʣʫʯʘʡʥʦʛʦ) ʥʘʨʫʰʝʥʠʷ ʩʠʤʤʝʪʨʠʠè, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʥʘʯʘʣʫ 

ʣʶʙʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʘʢ ʚ ʧʨʠʨʦʜʥʦʡ, ʪʘʢ ʠ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ. ʂʘʢ 

ʪʦʯʥʦ ʚʳʨʘʟʠʣʩʷ ɸ. ʉ. ʇʫʰʢʠʥ, ʦʙʲʷʩʥʠʚ ʚ ʦʜʥʦʤ ʥʝʙʦʣʴʰʦʤ 

ʠʟʚʝʩʪʥʦʤ ʩʪʠʭʦʪʚʦʨʝʥʠʠ ʠʟ ʯʝʪʳʨʝʭ ʩʪʨʦʢ ʚʩʝ ʵʪʘʧʳ ʥʘʫʯʥʦʡ, 

ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ (çʆ ʩʢʦʣʴʢʦ ʥʘʤ ʦʪʢʨʳʪʠʡ ʯʫʜʥʳʭ...è), 

ʚ ʢʦʪʦʨʦʤ ʧʦʩʣʝʜʥʷʷ, ʯʝʪʚʝʨʪʘʷ ʩʪʨʦʢʘ ʩʦʜʝʨʞʠʪ ʛʝʥʠʘʣʴʥʦʝ 

ʧʨʦʟʨʝʥʠʝ: ç...ʀ ʩʣʫʯʘʡ, ɹʦʛ ʠʟʦʙʨʝʪʘʪʝʣʴè. ʕʪʦ ʚʳʩʢʘʟʘʥʦ ʢʦʨʦʯʝ, ʯʝʤ 

ʧʦʥʠʤʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ ʦ ʧʨʠʨʦʜʝ ʢʘʢ ʦ 

çʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʥʝʘʙʝʣʝʚʳʭ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʧʦʣʝʡ ʩʦ ʩʧʦʥʪʘʥʥʦ 

ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡè. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʩʪʨʫʢʪʫʨ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʵʪʦʡ ʤʦʥʦʛʨʘʬʠʠ ʠ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ, ʚʩʝ ʯʘʱʝ ʧʨʠʭʦʜʠʪʩʷ 

ʦʙʨʘʱʘʪʴʩʷ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ, ʦʪʥʦʩʷʱʠʤʩʷ ʢ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤ.  

ʉʪʘʥʜʘʨʪʥʳʤ ʩʧʦʩʦʙʦʤ ʦʧʠʩʘʥʠʷ ʫʪʚʝʨʞʜʝʥʠʡ ʪʝʦʨʠʠ ʢʘʪʝʛʦʨʠʡ 

ʷʚʣʷʶʪʩʷ ʢʦʤʤʫʪʘʪʠʚʥʳʝ ʜʠʘʛʨʘʤʤʳ. ʂʦʤʤʫʪʘʪʠʚʥʘʷ ʜʠʘʛʨʘʤʤʘ ï ʵʪʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ, ʚ ʚʝʨʰʠʥʘʭ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʷʪʩʷ ʪʦʯʢʠ ï

ʵʣʝʤʝʥʪʘʨʥʳʝ ʦʙʲʝʢʪʳ, ʘ ʩʪʨʝʣʢʘʤʠ ʷʚʣʷʶʪʩʷ ʤʦʨʬʠʟʤʳ 

(ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ), ʦʧʨʝʜʝʣʷʶʱʠʝ ʦʪʥʦʰʝʥʠʷ ʦʙʲʝʢʪʦʚ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʯʠʩʣʦʚʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʵʚʦʣʶʮʠʠ ʚ ʩʦʮʠʘʣʴʥʳʭ, ʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ ʠ ʙʣʦʢʦʚ ʥʘʨʫʰʝʥʠʷ ʩʠʤʤʝʪʨʠʠ 

ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʛʨʫʧʧ ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ ʚ 

https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BC%D1%83%D1%82%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D0%B0%D1%8F_%D0%B4%D0%B8%D0%B0%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D1%84_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
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ʧʨʠʢʣʘʜʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ, ʦʙʦʙʱʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʠ 

ʩʜʝʣʘʥʘ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʠ ʝʜʠʥʦʡ ʢʦʥʮʝʧʮʠʠ ʩʦʭʨʘʥʝʥʠʷ ʠ 

ʥʘʨʫʰʝʥʠʷ ʩʠʤʤʝʪʨʠʠ ʚ ʧʨʠʨʦʜʥʳʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

ɺ ʨʘʙʦʪʝ ʥʘʜ ʤʦʥʦʛʨʘʬʠʝʡ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʩʣʝʜʫʶʱʠʝ 

ʫʯʝʥʳʝ: 

ʜ.ʬ.-ʤ.ʥ. ʧʨʦʬʝʩʩʦʨ ʈʘʫ ɺʘʣʝʨʠʡ ɻʝʦʨʛʠʝʚʠʯ, ʢ.ʪ.ʥ. ɻʦʨʰʢʦʚ 

ʂʠʨʠʣʣ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʢ.ʪ.ʥ. ʜʦʮʝʥʪ ʈʘʫ ʊʘʤʘʨʘ ʌʝʜʦʨʦʚʥʘ ï ʛʣʘʚʘ 1 

çʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʛʨʫʧʧ ʩʠʤʤʝʪʨʠʠ ʠ ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠè; 

ʜ.ʬ.-ʤ.ʥ. ʧʨʦʬʝʩʩʦʨ ʈʘʫ ɺʘʣʝʨʠʡ ɻʝʦʨʛʠʝʚʠʯ, ʢ.ʪ.ʥ. ɻʦʨʰʢʦʚ 

ʂʠʨʠʣʣ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʢ.ʪ.ʥ. ʜʦʮʝʥʪ ʈʘʫ ʊʘʤʘʨʘ ʌʝʜʦʨʦʚʥʘ, ʜ.ʤ.ʥ. 

ʧʨʦʬʝʩʩʦʨ ʊʦʛʫʥʦʚ ʀʛʦʨʴ ɸʣʝʢʩʝʝʚʠʯ ï ʛʣʘʚʘ 2 çʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʦʨʠʠ 

ʛʨʫʧʧ ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭè; 

ʜ.ʬ.-ʤ.ʥ. ʧʨʦʬʝʩʩʦʨ ʈʘʫ ɺʘʣʝʨʠʡ ɻʝʦʨʛʠʝʚʠʯ, ʢ.ʵ.ʥ. ʊʠʭʦʥʶʢ 

ʅʘʪʘʣʴʷ ɽʚʛʝʥʴʝʚʥʘ, ʜ.ʤ.ʥ. ʧʨʦʬʝʩʩʦʨ ʊʦʛʫʥʦʚ ʀʛʦʨʴ ɸʣʝʢʩʝʝʚʠʯ, ʢ.ʪ.ʥ. 

ʇʦʣʷʢʦʚ ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʛʣʘʚʘ 3 çʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʦʨʠʠ ʛʨʫʧʧ 

ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ ʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭè; 

ʜ.ʬ.-ʤ.ʥ. ʧʨʦʬʝʩʩʦʨ ʈʘʫ ɺʘʣʝʨʠʡ ɻʝʦʨʛʠʝʚʠʯ, ʢ.ʪ.ʥ. ʂʠʩʣʷʢʦʚ 

ɸʣʝʢʩʝʡ ʅʠʢʦʣʘʝʚʠʯ, ʢ.ʪ.ʥ. ʇʦʣʷʢʦʚ ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʛʣʘʚʘ 4 

çʇʨʠʢʣʘʜʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʘʩʠʤʤʝʪʨʠʠ ʨʳʥʢʦʚè. 

ʜ.ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ ʊʦʛʫʥʦʚ ʀʛʦʨʴ ɸʣʝʢʩʝʝʚʠʯ ï ʛʣʘʚʘ 5 

ç"ʂʣʝʱʝʚʠʜʥʘʷ" ʩʠʤʤʝʪʨʠʷ (ʂ-ʩʠʤʤʝʪʨʠʷ) ʠ ʬʣʫʢʪʫʠʨʫʶʱʘʷ 

ʘʩʠʤʤʝʪʨʠʷ. ʊʘʢʩʦʥʦʤʠʷ ʠ ʤʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷè. 
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ɻʣʘʚʘ 1. ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʆʉʅʆɺʓ ɻʈʋʇʇ ʉʀʄʄɽʊʈʀʀ 

ʀ ʅɸʈʋʐɽʅʅʆʁ ʉʀʄʄɽʊʈʀʀ 

 

1.1. ʂʣʘʩʩʠʯʝʩʢʘʷ ʩʠʤʤʝʪʨʠʷ 

 

ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʛʨʫʧʧ ʩʠʤʤʝʪʨʠʠ Grp ʠ ʥʘʨʫʰʝʥʥʦʡ 

ʩʠʤʤʝʪʨʠʠ GrpBS (ɻʅʉ (broken symmetry groups) (BSG)) ʨʦʣʴ ʜʠʘʛʨʘʤʤ 

ʠʛʨʘʶʪ ʩʪʨʫʢʪʫʨʳ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʛʨʘʬʦʚ, ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʤʥʦʞʝʩʪʚʦʤ çʪʦʯʝʢè - ʵʣʝʤʝʥʪʦʚ ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ ʤʦʨʬʠʟʤʳ 

(ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ) ʠʟʦʙʨʘʞʘʶʪʩʷ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʩʪʨʝʣʢʘʤʠ. ʄʝʪʦʜ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʩʪʝʤ ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ ʢʘʪʝʛʦʨʠʡ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʥʝ ʪʦʣʴʢʦ ʯʠʩʣʝʥʥʫʶ ʧʨʦʮʝʜʫʨʫ ʠʭ ʧʦʠʩʢʘ, ʥʦ ʠ 

çʚʠʟʫʘʣʠʟʘʮʠʶè ʚ ʥʘʛʣʷʜʥʦʤ ʚʠʜʝ ʜʠʘʛʨʘʤʤ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʛʨʘʬʦʚ. ʇʦʩʪʨʦʝʥʠʝ ʪʘʙʣʠʮ ʛʨʫʧʧ ʩʠʤʤʝʪʨʠʠ ʠ ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ 

ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʵʣʝʤʝʥʪʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

çʦʮʠʬʨʦʚʢʠè ʠʥʬʦʨʤʘʮʠʠ. ɼʦʙʘʚʠʤ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʘʙʩʪʨʘʢʮʠʡ ʚ ʚʳʙʨʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʦʟʤʦʞʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʦʝ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ 

çʧʨʦʩʪʨʘʥʩʪʚʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡè.  

ɺʳʙʨʘʚ ʟʘ ʦʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʨʫʧʧʫ ʩʠʤʤʝʪʨʠʠ, ʧʦʣʫʯʠʤ 

ʙʦʣʝʝ ʧʦʣʥʫʶ ʩʠʩʪʝʤʫ ʘʢʩʠʦʤ, ʯʝʤ ʵʪʦ ʦʧʨʝʜʝʣʝʥʦ ʚ ʜʨʫʛʠʭ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ. ʇʦʵʪʦʤʫ ʘʥʘʣʠʟ ʠ ʩʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤ 

ʥʘʯʥʝʤ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ.  

ʄʘʪʝʨʠʘʣ ʤʦʥʦʛʨʘʬʠʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʝʭ ʦʩʥʦʚʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʦ ʩʠʤʤʝʪʨʠʠ ʠ ʛʨʫʧʧʘʭ ʩʠʤʤʝʪʨʠʠ, ʠʟʣʦʞʝʥʥʳʭ ʨʘʥʝʝ 

ʘʚʪʦʨʘʤʠ ʵʪʦʡ ʤʦʥʦʛʨʘʬʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ [1, 2, 3].  

 

 

 

ʈʠʩ. 1. ʇʨʘʚʠʣʴʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ 

 

ɺʦ ʤʥʦʛʠʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʫʯʝʙʥʠʢʘʭ ʧʦ ʪʝʦʨʠʠ ʛʨʫʧʧ [4] (ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʢʨʘʩʦʪʳ ʠ ʜʠʜʘʢʪʠʯʝʩʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠʟʣʦʞʝʥʠʷ) 

ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʫʧʧʳ ʥʘʯʠʥʘʝʪʩʷ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʤʝʨʦʚ. ɺ 
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ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʧʨʠʤʝʨʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʘ ʛʨʫʧʧʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʠʤʤʝʪʨʠʠ ʧʨʘʚʠʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ (ʨʠʩʫʥʦʢ 1). 

ʉʪʦʠʪ ʥʘʧʦʤʥʠʪʴ, ʯʪʦ ʩʠʤʤʝʪʨʠʯʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʬʠʛʫʨʳ ʚ 

ʛʝʦʤʝʪʨʠʠ ʥʘʟʳʚʘʶʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʣʦʩʢʦʩʪʠ, ʢʦʪʦʨʦʝ ʧʝʨʝʚʦʜʠʪ 

ʬʠʛʫʨʫ ʩʘʤʫ ʚ ʩʝʙʷ. ɼʣʷ ʨʘʚʥʦʩʪʦʨʦʥʥʝʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʪʘʢʠʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʚʦʨʦʪ ʚ ʧʣʦʩʢʦʩʪʠ ʥʘ 120 ʛʨʘʜʫʩʦʚ, 

ʧʨʠ ʵʪʦʤ ʩʘʤʫ ʧʨʦʮʝʜʫʨʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʜʚʫʩʪʨʦʯʥʦʡ ʤʘʪʨʠʮʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʊʘʢ ʢʘʢ ʧʨʠ ʧʝʨʚʦʤ ʧʦʚʦʨʦʪʝ (ʨʠʩʫʥʦʢ 1) ʚʝʨʰʠʥʘ (1) ʚ 

ʪʨʝʫʛʦʣʴʥʠʢʝ ʧʝʨʝʭʦʜʠʪ ʚ ʚʝʨʰʠʥʫ (2), ʚʝʨʰʠʥʘ (2) ï ʚ ʚʝʨʰʠʥʫ (3), ʘ 

(3) ï ʚ (1), ʪʦ ʚ ʬʦʨʤʝ ʜʚʫʩʪʨʦʯʥʦʡ ʤʘʪʨʠʮʳ ʈ1 ʵʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʉʠʤʚʦʣʦʤ Pi ʦʙʦʟʥʘʯʝʥʘ ʦʧʝʨʘʮʠʷ ʩʠʤʤʝʪʨʠʠ, ʢʦʪʦʨʘʷ ʚ 

ʤʘʪʝʤʘʪʠʢʝ ʥʘʟʳʚʘʝʪʩʷ ʧʦʜʩʪʘʥʦʚʢʦʡ ʠʣʠ ʧʝʨʝʩʪʘʥʦʚʢʦʡ (ʯʠʩʝʣ). 

ʇʦʚʦʨʦʪ ʥʘ ʫʛʦʣ Ŭ2 = 240ʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʤʘʪʨʠʮʝʡ: 
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ö
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ʂʨʦʤʝ ʦʜʠʥʦʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʠʤʤʝʪʨʠʠ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ 

ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʩʧʝʨʚʘ ʧʦʚʦʨʦʪ ʥʘ ʦʜʠʥ ʫʛʦʣ, 

ʟʘʪʝʤ ï ʥʘ ʜʨʫʛʦʡ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʚʤʝʩʪʥʦʤʫ ʜʝʡʩʪʚʠʶ 

(ʫʤʥʦʞʝʥʠʶ) ʜʚʫʭ ʧʝʨʝʩʪʘʥʦʚʦʢ: P2P1 = E, ʛʜʝ ʩʠʤʚʦʣ E ʙʫʜʝʪ ʧʦʷʩʥʸʥ 

ʥʠʞʝ. 

ɺ ʚʠʜʝ ʤʘʪʨʠʮ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 
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ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʚʚʝʩʪʠ ʦʧʝʨʘʮʠʶ ʫʤʥʦʞʝʥʠʷ ʧʦʜʩʪʘʥʦʚʦʢ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ, ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ 

ʯʠʪʘʝʪʩʷ çʩʧʨʘʚʘ ʥʘʣʝʚʦè: 1 Ÿ 2 (ʠʟ P1) çʠè 2 Ÿ 1 (ʠʟ P2) ʢʦʨʦʪʢʦ ʜʘʝʪ 

ʦʙʱʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 1 Ÿ 2 Ÿ 1, ʦʢʦʥʯʘʪʝʣʴʥʦ ʠʤʝʝʤ: 1 Ÿ 1 (ʚ E). 
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ɸʥʘʣʦʛʠʯʥʦ ʠʤʝʝʤ: 2 Ÿ 3 (ʠʟ P1), 3 Ÿ 2 (ʠʟ P2) ʠ ʩʦʚʤʝʩʪʥʦ: 2 Ÿ 3 Ÿ 2, 

ʪ.ʝ. ʦʢʦʥʯʘʪʝʣʴʥʦ 2 Ÿ 2 (ʚ E); 3 Ÿ 1, 1 Ÿ 3, ʪ.ʝ. 3 Ÿ 3 (ʚ E). ʄʦʞʥʦ ʚ 

ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʙʦʣʝʝ ʧʨʠʚʳʯʥʫʶ ʟʘʧʠʩʴ ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ 

çʩʣʝʚʘ ʥʘʧʨʘʚʦè, ʢʦʪʦʨʦʡ ʤʳ ʙʫʜʝʤ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʜʘʣʝʝ ʚʦ ʚʩʝʭ 

ʨʘʩʯʝʪʘʭ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ɽ ʥʘʟʳʚʘʶʪ ʝʜʠʥʠʯʥʦʡ ʤʘʪʨʠʮʝʡ, ʠʣʠ 

ʪʦʞʜʝʩʪʚʝʥʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ, ʪʘʢ ʢʘʢ ʚʩʝ ʪʦʯʢʠ ʬʠʛʫʨʳ ʧʨʠ ʵʪʦʤ 

ʦʩʪʘʶʪʩʷ ʥʘ ʩʚʦʠʭ ʤʝʩʪʘʭ. ʇʦ ʩʫʪʠ ʜʝʣʘ, ʪʘʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʚʦʨʦʪʫ ʪʨʝʫʛʦʣʴʥʠʢʘ ʥʘ 360 ʛʨʘʜʫʩʦʚ (ʥʘ 240ʦʠ 

120ʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ). ʉʚʦʡʩʪʚʘ ʵʪʦʡ ʤʘʪʨʠʮʳ, ʪʦ ʝʩʪʴ ʚʳʙʦʨ ʝʝ ʚ 

ʢʘʯʝʩʪʚʝ çʝʜʠʥʠʮʳè, ʣʝʛʢʦ ʧʨʦʚʝʨʠʪʴ: EPi = Pi E = Pi. ʆʧʝʨʘʮʠʠ, 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʪʦʞʜʝʩʪʚʝʥʥʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ, 

ʥʘʟʳʚʘʶʪʩʷ çʦʙʨʘʪʥʳʤʠè ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ. 

ʇʨʠʤʝʥʠʤ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʢ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʬʠʛʫʨʝ, ʢ 

ʧʨʘʚʠʣʴʥʦʤʫ ʧʷʪʠʫʛʦʣʴʥʠʢʫ ʩ ʚʥʫʪʨʝʥʥʝʡ ʪʦʯʢʦʡ ç0è (ʨʠʩʫʥʦʢ 2). 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʷʪʠʫʛʦʣʴʥʠʢʘ (ʧʦ ʨʠʩʫʥʢʫ 2) 

ʩʦʩʪʘʚʠʪ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʛʨʫʧʧʫ. ʄʥʦʞʝʩʪʚʦ ʙʠʥʘʨʥʳʭ 

ʧʨʦʠʟʚʝʜʝʥʠʡ ʚʩʝʭ ʤʘʪʨʠʮ ʧʝʨʝʩʪʘʥʦʚʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ çʪʘʙʣʠʮʫ 

ʫʤʥʦʞʝʥʠʷè ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʛʨʫʧʧʝ, ʦʙʦʟʥʘʯʘʝʤʳʭ g[N], ʠ 

ʥʘʟʳʚʘʝʪʩʷ ʪʘʙʣʠʮʝʡ ʂʵʣʠ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʧʷʪʠʫʛʦʣʴʥʠʢʘ ʨʝʟʫʣʴʪʘʪ 

ʨʘʩʯʝʪʘ ʪʘʙʣʠʮʳ ʂʵʣʠ ʜʣʷ ʧʦʜʛʨʫʧʧʳ ʧʦʚʦʨʦʪʦʚ 5-ʫʛʦʣʴʥʠʢʘ (ʨʠʩʫʥʦʢ 

2) ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

 

 
ʈʠʩ. 2. ʇʷʪʠʫʛʦʣʴʥʠʢ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʦʡ 

 

ʊʘʙʣʠʮʘ 1 

ʊʘʙʣʠʮʘ ʂʵʣʠ ʧʦʜʛʨʫʧʧʳ ʧʦʚʦʨʦʪʦʚ 5-ʫʛʦʣʴʥʠʢʘ 

     g[0]=(0 1 2 3 4 5 );   g[0]   g[1]   g[2]   g[3]   g[4]     (0)(1)(2)(3)(4)(5) 

     g[1]=(0 2 3 4 5 1 );   g[1]   g[2]   g[3]   g[4]   g[0]     (0) (1 2 3 4 5) 

     g[2]=(0 3 4 5 1 2 );   g[2]   g[3]   g[4]   g[0]   g[1]     (0) (1 3 5 2 4) 

     g[3]=(0 4 5 1 2 3 );   g[3]   g[4]   g[0]   g[1]   g[2]     (0) (1 4 2 5 3) 

     g[4]=(0 5 1 2 3 4 );   g[4]   g[0]   g[1]   g[2]   g[3]     (0) (1 5 4 3 2) 
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ʈʘʩʯʝʪ ʧʨʦʠʟʚʝʜʝʥ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʧʨʦʛʨʘʤʤʝ MATRIX  [4]. ʂʨʘʪʢʘʷ ʟʘʧʠʩʴ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ (ʤʘʪʨʠʮʳ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ) ʚ ʧʨʦʛʨʘʤʤʝ ʚʳʛʣʷʜʠʪ ʙʝʟ ʚʝʨʭʥʝʡ ʩʪʨʦʢʠ, ʪʦ ʝʩʪʴ ʪʘʢ, 

ʢʘʢ ʵʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʧʨʠʤʝʨʝ, ʚʳʙʨʘʥʥʦʤ ʠʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʪʨʝʫʛʦʣʴʥʠʢʘ: ( )
2

1 2 3
[2] 312

3 1 2
gP

å õ
= = =æ ö
ç ÷

. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʦʨ 

ʯʠʩʝʣ (312) ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʪʨʝʫʛʦʣʴʥʠʢʘ çʢʦʜʠʨʫʝʪè ʦʧʝʨʘʮʠʶ ʈ2. 

ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʧʷʪʠʫʛʦʣʴʥʠʢʘ ʠʤʝʝʤ: ʈ2 = g[2] = (034512). 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʝʟʜʝ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʫ ʟʘʧʠʩʠ 

ʪʘʙʣʠʮʳ ʫʤʥʦʞʝʥʠʷ ʧʦ ʦʙʨʘʟʮʫ ʪʘʙʣʠʮʳ 1: ʚ ʣʝʚʦʡ ʢʦʣʦʥʢʝ ʥʘʭʦʜʷʪʩʷ 

ʚʩʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʛʨʫʧʧʝ g[i], ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ çʪʘʙʣʠʮʫ ʫʤʥʦʞʝʥʠʷè ʦʧʝʨʘʮʠʡ. ɼʦʙʘʚʣʝʥʥʘʷ ʩʚʝʨʭ ʧʨʦʛʨʘʤʤʳ 

ʧʨʘʚʘʷ ʢʦʣʦʥʢʘ ʯʠʩʝʣ ʦʧʠʩʳʚʘʝʪ ʢʘʞʜʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʚʠʜʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʠʩʝʣ, ʧʝʨʝʭʦʜʷʱʠʭ ʜʨʫʛ ʚ ʜʨʫʛʘ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ. ʕʪʦ, ʢʘʢ ʤʳ ʫʚʠʜʠʤ ʥʠʞʝ, ʠʥʦʛʜʘ ʧʦʤʦʛʘʝʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ çʚʠʟʫʘʣʠʟʘʮʠʠè ʩʘʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʫ ʝʛʦ 

ʩʪʨʫʢʪʫʨʳ. ʊʘʙʣʠʮʘ ʂʵʣʠ ʩʦʜʝʨʞʠʪ ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʠ ʚ ʢʘʞʜʦʤ 

ʩʪʦʣʙʮʝ ʝʜʠʥʠʯʥʳʡ ʵʣʝʤʝʥʪ g[0]. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʛʨʫʧʧʝ ʩʠʤʤʝʪʨʠʠ 

ʫ ʢʘʞʜʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʙʷʟʘʪʝʣʴʥʦ ʩʫʱʝʩʪʚʫʝʪ çʦʙʨʘʪʥʳʡè 

ʵʣʝʤʝʥʪ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʚʩʝ ʚʦʟʤʦʞʥʳʝ 

ʦʧʝʨʘʮʠʠ ʦʙʨʘʟʫʶʪ ʧʝʨʝʩʪʘʥʦʚʢʫ (ʧʦʜʩʪʘʥʦʚʢʫ) ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʠ ʚ 

ʢʘʞʜʦʤ ʩʪʦʣʙʮʝ ʪʘʙʣʠʮʳ ʂʵʣʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ, ʯʪʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʩʦʟʜʘʶʱʠʝ ʪʘʙʣʠʮʫ ʂʵʣʠ, ʦʧʠʩʳʚʘʶʪ ʛʨʫʧʧʫ 

ʩʠʤʤʝʪʨʠʠ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʚʚʝʜʝʥʠʷ ʛʨʫʧʧ ʩʠʤʤʝʪʨʠʠ, ʟʘʧʠʰʝʤ ʚʩʝ 

ʬʦʨʤʘʣʴʥʳʝ ʘʢʩʠʦʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʛʨʫʧʧʫ. 

ʆʧʨʝʜʝʣʝʥʠʝ. ʄʥʦʞʝʩʪʚʦ ɸ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʥʘ ʥʝʤ 

ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʝʡ (ʥʘʧʨʠʤʝʨ, ʫʤʥʦʞʝʥʠʝʤ) ʥʘʟʳʚʘʝʪʩʷ 

ʛʨʫʧʧʦʡ, ʝʩʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ:  

1) ʜʣʷ ʣʶʙʳʭ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ a, b (ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʤʥʦʞʝʩʪʚʫ 

A) ʦʙʷʟʘʪʝʣʴʥʦ ʩʫʱʝʩʪʚʫʝʪ (ab) = c, ʪʘʢʦʝ, ʯʪʦ c ɭ ɸ (ʚ ɸ ʩʫʱʝʩʪʚʫʝʪ 

ʧʨʦʠʟʚʝʜʝʥʠʝ);  

2) ʜʣʷ ʣʶʙʳʭ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ a, b, c, ɭ ɸ (ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʤʥʦʞʝʩʪʚʫ A), ʚʳʧʦʣʥʷʝʪʩʷ ʩʚʦʡʩʪʚʦ ʘʩʩʦʮʠʘʪʠʚʥʦʩʪʠ: a(bc) = (ab)c 

(ʘʩʩʦʮʠʘʪʠʚʥʦʩʪʴ); 

3) ʚ ʤʥʦʞʝʩʪʚʝ ɸ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʡ ʵʣʝʤʝʥʪ ʝ, ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ 

ʵʣʝʤʝʥʪʘ ʘ ʠʟ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ: ae = ea = a 

(ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʠʯʥʳʡ ʵʣʝʤʝʥʪ); 
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4) ʜʣʷ ʣʶʙʦʛʦ ʵʣʝʤʝʥʪʘ ʘ ʤʥʦʞʝʩʪʚʘ ɸ ʩʫʱʝʩʪʚʫʝʪ ʵʣʝʤʝʥʪ ʘӾ ʠʟ 

ʵʪʦʛʦ ʞʝ ʤʥʦʞʝʩʪʚʘ, ʪʘʢʦʡ, ʯʪʦ aaӾ = aӾa = e (ʩʫʱʝʩʪʚʫʝʪ ʦʙʨʘʪʥʳʡ 

ʵʣʝʤʝʥʪ). 

ʈʘʟʣʠʯʥʳʝ ʤʥʦʞʝʩʪʚʘ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʛʨʫʧʧʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʘʢʦʡ-ʣʠʙʦ ʦʧʝʨʘʮʠʠ (ʥʘʧʨʠʤʝʨ, çʫʤʥʦʞʝʥʠʝè) ʠ ʥʝ ʷʚʣʷʪʴʩʷ ʛʨʫʧʧʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ ʦʧʝʨʘʮʠʠ (ʥʘʧʨʠʤʝʨ, çʩʣʦʞʝʥʠʝè). ʏʠʩʣʦ 

ʵʣʝʤʝʥʪʦʚ ʚ ʛʨʫʧʧʝ ʥʘʟʳʚʘʝʪʩʷ ʧʦʨʷʜʢʦʤ ʛʨʫʧʧʳ. ʄʥʦʞʝʩʪʚʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʪʘʢʞʝ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʛʨʫʧʧʫ 

(ʥʘʧʨʠʤʝʨ, ʮʠʢʣʠʯʝʩʢʫʶ) ʠ ʠʤʝʪʴ ʩʚʦʡ ʧʦʨʷʜʦʢ, ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʊʘʙʣʠʮʘ ʫʤʥʦʞʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʢʦʥʝʯʥʳʭ ʛʨʫʧʧ ʩʠʤʤʝʪʨʠʠ ʥʘʟʳʚʘʝʪʩʷ ʪʘʙʣʠʮʝʡ ʂʵʣʠ. 

 

1.2. ʅʘʨʫʰʝʥʥʘʷ ʩʠʤʤʝʪʨʠʷ 

 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʦʪʦʨʳʭ 

ʧʨʠʤʝʥʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʛʨʫʧʧ ʩʠʤʤʝʪʨʠʠ, ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʦʞʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʯʘʩʪʦ ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʚʳʨʘʱʝʥʥʳʝ ʚ ʭʠʤʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ. ɺ ʯʘʩʪʥʦʩʪʠ ʢ ʪʘʢʠʤ 

ʩʪʨʫʢʪʫʨʘʤ ʦʪʥʦʩʷʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ 

ʪʨʝʭʚʘʣʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʢʘʪʠʦʥ ʩ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ 

[M(OCN2H4)6]
3+. ʉʠʤʚʦʣ ʵʣʝʤʝʥʪʘ ʄ ʚ ʬʦʨʤʫʣʝ ʟʘʤʝʥʷʝʪ çʤʝʪʘʣʣè. 

ʉʪʨʦʝʥʠʝ ʚʝʱʝʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʠʟʫʯʘʝʪʩʷ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ 

ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ), ʧʨʠʤʝʥʷʝʤʦʛʦ 

ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨʳ ʪʚʝʨʜʳʭ ʪʝʣ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʝʱʝʩʪʚ ʧʦ 

ʠʭ ʩʪʨʫʢʪʫʨʝ. ɺ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʚʢʣʶʯʠʤ ʣʠʰʴ ʪʝ ʩʪʨʫʢʪʫʨʳ, ʦ ʢʦʪʦʨʳʭ 

ʠʤʝʶʪʩʷ ʜʦʩʪʦʚʝʨʥʳʝ ʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʳʝ ʩʚʝʜʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʪʦʤ ʯʠʩʣʝ ʘʚʪʦʨʘʤʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʠ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ 

ʂʝʤʙʨʠʜʞʩʢʦʤ ʙʘʥʢʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ (ʂɹʉɼ). 

ʂʦʤʧʣʝʢʩʥʳʝ ʠ ʛʝʪʝʨʦʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ 

ʥʠʞʝ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʜʝʨʞʘʪ 

ʝʜʠʥʳʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʡ ʬʨʘʛʤʝʥʪ ï ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʂʘʪʠʦʥ 

[M(OCN2H4)6]
2+,3+. ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʪʨʦʝʥʠʝ 

ʂʘʪʠʦʥʘ ʠ ʝʛʦ ʩʦʙʩʪʚʝʥʥʫʶ ʩʠʤʤʝʪʨʠʶ, ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʩʪʨʫʢʪʫʨʳ ʩ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ɸʥʠʦʥʦʚ ʠ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ 

ʛʨʫʧʧʘʤʠ. ʉʦʙʩʪʚʝʥʥʘʷ, ʣʦʢʘʣʴʥʘʷ ʩʠʤʤʝʪʨʠʷ ʂʘʪʠʦʥʘ ʘʥʘʣʠʟʠʨʫʝʪʩʷ 

ʩ ʫʯʝʪʦʤ ʧʦʣʥʦʛʦ ʣʠʛʘʥʜʥʦʛʦ (ʭʠʤʠʯʝʩʢʠʡ ʪʝʨʤʠʥ) ʦʢʨʫʞʝʥʠʷ 

ʤʝʪʘʣʣʘ-ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʰʝʩʪʴʶ ʤʦʣʝʢʫʣʘʤʠ ʢʘʨʙʘʤʠʜʘ 

ʉʆ(NH2)2. 
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ʇʨʠ ʘʥʘʣʠʟʝ ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʵʪʠʭ ʚʝʱʝʩʪʚ 

ʧʨʠʚʣʝʯʝʥʳ ʢʨʦʤʝ ʵʪʦʛʦ, ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʘʭ ʩʣʝʜʫʶʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʧʦ ʜʘʥʥʳʤ ʂʝʤʙʨʠʜʞʩʢʦʛʦ ʙʘʥʢʘ) ʩ ʨʝʬʝʨʘʪʠʚʥʳʤ 

ʧʦʠʩʢʦʤ ʧʦʜ ʠʤʝʥʘʤʠ URCONT ʠ WORNIT, ʚ ʨʘʩʰʠʬʨʦʚʢʝ ʩʪʨʫʢʪʫʨ 

ʢʦʪʦʨʳʭ ʘʚʪʦʨʳ ʫʯʝʙʥʠʢʘ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʪʨʫʢʪʫʨʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3, ʘ ʪʘʢʞʝ 

ʧʨʦʚʝʜʝʤ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨ 

ʦʩʪʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʦʙʱʝʛʦ ʩʧʠʩʢʘ. ʆʩʦʙʝʥʥʦʩʪʠ çʷʟʳʢʘ ʭʠʤʠʠè 

ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʥʘʤʠ ʥʘ ʤʘʪʝʨʠʘʣʝ, ʚʟʷʪʦʤ ʠʟ ʧʝʨʚʦʠʩʪʦʯʥʠʢʦʚ, ʪʦ 

ʝʩʪʴ ʠʟ ʩʪʘʪʝʡ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʯʪʦ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʩʣʦʞʥʦʩʪʠ ʢʘʢ ʩʘʤʠʭ ʩʪʨʫʢʪʫʨ, ʪʘʢ ʠ ʩʧʦʩʦʙʦʚ ʠʭ ʦʧʠʩʘʥʠʷ. 

 

 
 

ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʡ 

ʚ ʂʝʤʙʨʠʜʞʩʢʦʤ ʙʘʥʢʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ: 

ʘ ï URCONT; ʙ ï WOKNIT 



13 

 

ɼʘʥʥʳʝ ʠʟ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʩʧʠʩʢʘ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʚʚʝʩʪʠ 

çʚʠʟʫʘʣʠʟʘʮʠʶè ʦʙʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʪʠʦʥʦʚ ʠ 

ʘʥʠʦʥʦʚ ʚ ʚʠʜʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʵʜʨʘ (ʄʂʇ) 

ʜʣʷ ʩʪʨʫʢʪʫʨ, ʩʦʜʝʨʞʘʱʠʭ [M(OCN2H4)6]
3+. ʇʦʜʨʦʙʥʦʝ ʩʪʨʦʝʥʠʝ 

çʧʩʝʚʜʦʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʢʦʣʦʜʮʘè ʚ ʩʪʨʫʢʪʫʨʘʭ ʠʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 4. ʆʜʥʦ çʟʚʝʥʦè ʢʦʣʦʜʮʘ ʦʙʨʘʟʦʚʘʥʦ ʜʚʫʤʷ ʩʠʩʪʝʤʘʤʠ 

ʘʥʠʦʥʥʳʭ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ, ʧʦʚʝʨʥʫʪʳʭ ʥʘ ʫʛʦʣ 20Á ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛ ʜʨʫʛʘ ʚʦʢʨʫʛ ʦʩʠ, ʷʚʣʷʶʱʝʡʩʷ ʢʘʪʠʦʥʥʳʤ ʩʪʝʨʞʥʝʤ. ɺ 

ʧʨʦʤʝʞʫʪʦʢ ʤʝʞʜʫ ʜʚʫʤʷ ʟʚʝʥʴʷʤʠ ʚʦʰʣʠ ʤʦʣʝʢʫʣʳ ʘʥʠʦʥʦʚ. ɸʥʠʦʥʳ 

ʦʢʨʫʞʘʶʪ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʮʝʥʪʨʝ ʩʠʤʤʝʪʨʠʠ ʢʘʪʠʦʥ ʥʘ ʩʨʝʜʥʝʤ 

ʨʘʩʩʪʦʷʥʠʠ 7,1ԇ ʚ ʄʂʇ (ʨʘʩʩʪʦʷʥʠʝ ʚ 1ԇ = 10-10 ʤ). 

 

 

 

ʈʠʩ. 4. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʧʦʣʠʵʜʨʝ ʩʪʨʫʢʪʫʨ, ʩʦʜʝʨʞʘʱʠʭ 

[M(OCN2H4)6]
3+ 

 

ʃʝʛʢʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʝʜʠʥʳʡ 

ʧʨʠʥʮʠʧ ʩʪʨʦʝʥʠʷ: ʢʘʪʠʦʥʥʳʝ ʦʢʪʘʵʜʨʳ [M(OCN2H4)6]
3+ ʷʚʣʷʶʪʩʷ 

çʩʪʝʨʞʥʝʤè ʘʥʠʦʥʥʦʛʦ çʢʦʣʦʜʮʘè. ʈʘʟʙʨʦʩ ʨʘʩʩʪʦʷʥʠʡ ʢʘʪʠʦʥ-ʘʥʠʦʥ ʚ 

ʩʪʨʫʢʪʫʨʘʭ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ (ʦʪ 6,9ԇ ʜʦ 8,5ԇ), ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʘʥʠʦʥʦʚ, ʥʘʧʨʠʤʝʨ, [Co(DH)2(Nʆ2)2]
- ʠ [Co(NH3)2(Nʆ2)4]

-. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʥʘ ʰʝʩʪʴ ʦʜʥʦʟʘʨʷʜʥʳʭ ɸʥʠʦʥʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʘʚʠʣʦʤ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ ʷʯʝʡʢʠ ʧʨʠʭʦʜʷʪʩʷ ʜʚʘ ʢʘʪʠʦʥʘ 

[Cr(OCN2H4)6]
3+ (ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʠʭ ʮʝʥʪʨʘʤʠ 7ԇ). 

ʄʝʞʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʵʜʨʳ (ʄʂʇ) ʚ ʩʪʨʫʢʪʫʨʘʭ ʠʤʝʶʪ 
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ʘʥʘʣʦʛʠʯʥʦʝ ʩʪʨʦʝʥʠʝ. ɻʝʢʩʘʛʦʥʘʣʴʥʳʝ (ʧʩʝʚʜʦʛʝʢʩʘʛʦʥʘʣʴʥʳʝ) 

ʢʦʣʦʜʮʳ çʨʘʟʙʠʚʘʶʪè ʧʨʦʩʪʨʘʥʩʪʚʦ ʷʯʝʡʢʠ ʙʝʟ ʧʫʩʪʦʪ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʜʝʣʝʥʥʳʝ ʄʂʇ ʷʚʣʷʶʪʩʷ ʫʧʘʢʦʚʦʯʥʳʤʠ. 

ɺ ʩʪʨʫʢʪʫʨʘʭ ʠʟ ʦʙʱʝʛʦ ʩʧʠʩʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʪʠʦʥ-

ʘʥʠʦʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʚʝʣʠʯʠʥʳ ʦʪ 6,63ԇ ʜʦ 7,39ԇ. 

ʋʩʨʝʜʥʝʥʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʩʝʚʜʦʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ 

ʢʦʣʦʜʮʘ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʚʩʝʤ ʩʪʨʫʢʪʫʨʘʤ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠ ʚ ʩʣʫʯʘʝ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʢʘʪʠʦʥʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʙʱʝʝ ʩʪʨʦʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʧʩʝʚʜʦʛʝʢʩʘʛʦʥʘʣʴʥʳʤ ʢʦʣʦʜʮʝʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʦʪʜʝʣʴʥʳʭ çʟʚʝʥʴʝʚè. 

ʃʦʢʘʣʴʥʘʷ ʦʩʴ 3 (ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ) ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʢʘʪʠʦʥʝ 

[M(OCN2H4)6]
+ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʢʘʪʠʦʥʥʦʛʦ ʩʪʝʨʞʥʷ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʤʝʪʘʣʣ ʥʝ ʟʘʥʠʤʘʝʪ ʚ ʷʯʝʡʢʝ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ, ʣʦʢʘʣʴʥʘʷ ʩʠʤʤʝʪʨʠʷ ʢʘʪʠʦʥʘ ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʦʡ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʤʦʯʝʚʠʥʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʳʭ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʤʦʣʝʢʫʣʘ ʢʘʨʙʘʤʠʜʘ (ʤʦʯʝʚʠʥʳ) ʢʘʢ ʚ ʩʚʦʙʦʜʥʦʤ, 

ʪʘʢ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʷʭ ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʦʡ. ʂʨʠʩʪʘʣʣʠʟʫʷʩʴ ʚ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʷʯʝʡʢʝ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʈ421ʪ), 

ʢʘʨʙʘʤʠʜʥʳʝ ʤʦʣʝʢʫʣʳ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, 

ʨʘʩʧʦʣʘʛʘʶʱʠʤʠʩʷ ʣʠʙʦ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʘʪʦʤʘʤʠ ʆ, ʉ ʠ N, ʣʠʙʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʥʠʤ (ʨʠʩ. 5). ʋʞʝ ʚ ʧʝʨʚʦʡ ʞʝ ʠʟʫʯʝʥʥʦʡ ʥʘʤʠ 

ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʝʢʘʢʘʨʙʘʤʠʜ ʥʠʪʨʘʪʘ ʉʦ2+ 

ʤʦʣʝʢʫʣʳ-ʣʠʛʘʥʜʳ ʨʘʩʧʦʣʦʞʠʣʠʩʴ ʧʦʧʘʨʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʠʭ 

ʩʨʝʜʥʠʝ ʧʣʦʩʢʦʩʪʠ (ʚʤʝʩʪʝ ʩ ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ) 

ʦʢʘʟʘʣʠʩʴ ʧʦʜ ʫʛʣʦʤ, ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʤ ʢ 90Á, ʫʛʦʣ ʤʝʞʜʫ 

ʧʣʦʩʢʦʩʪʷʤʠ ʆ(1)C(1)N(12)H(1) ʠ ʆ(3)C(3)N(32) ʩʦʩʪʘʚʣʷʝʪ 78Á. ʕʪʦ 

ʞʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʥʝʢʦʪʦʨʳʤ ʜʨʫʛʠʤ ʧʘʨʘʤ ʧʣʦʩʢʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʤ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ N(i)ïH(i)...ʆ(j). 

ɺ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʳ ʫʛʣʦʚ ʟʘʚʠʩʷʪ ʦʪ ʥʘʣʠʯʠʷ 

ʚʥʝʰʥʝʩʬʝʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʉʘʤʘ ʤʦʣʝʢʫʣʘ ʤʦʯʝʚʠʥʳ ʦʩʪʘʝʪʩʷ 

ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʣʦʩʢʦʡ (ʚ ʧʨʝʜʝʣʘʭ 3 % ʜʣʷ ʦʪʢʣʦʥʝʥʠʡ ʘʪʦʤʦʚ ʉ, ʆ, 

N(1), N(2) ʦʪ ʩʨʝʜʥʝʡ ʧʣʦʩʢʦʩʪʠ). ʊʝʤ ʥʝ ʤʝʥʝʝ ʛʝʦʤʝʪʨʠʷ ʢʘʨʙʘʤʠʜʘ 

ʠʩʢʘʞʘʝʪʩʷ: ʚʘʣʝʥʪʥʳʡ ʫʛʦʣ N ʉ-ʆ ʜʣʷ ʘʪʦʤʦʚ ʘʟʦʪʘ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ, ʩʦʩʪʘʚʣʷʝʪ ʚ 

ʩʨʝʜʥʝʤ ʦʪ 108Á (ʧʦ ʨʘʟʣʠʯʥʳʤ ʤʦʣʝʢʫʣʘʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 
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ʩʦʝʜʠʥʝʥʠʡ) ʜʦ 122(1)Á, ʘ ʜʣʷ ʘʪʦʤʦʚ ʘʟʦʪʘ, ʫʯʘʩʪʚʫʶʱʠʭ ʪʦʣʴʢʦ ʚʦ 

ʚʥʝʰʥʠʭ ʅ-ʩʚʷʟʷʭ, ʵʪʦʪ ʫʛʦʣ ʨʘʚʝʥ 138(1)Á. 

ʅʘʢʦʥʝʮ, ʧʦʩʣʝʜʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʬʘʢʪ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʦʙʥʘʨʫʞʝʥʥʳʭ ʧʨʝʜʝʣʦʚ ʠʟʤʝʥʝʥʠʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʪʠʦʥʘ [M(OCN2ʅ4)6]
2+3+, ʤʦʞʥʦ 

ʚʳʨʘʟʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʢʘʞʜʘʷ (ʦʜʥʘ) ʢʘʨʙʘʤʠʜʥʘʷ ʤʦʣʝʢʫʣʘ 

ʚʩʝʛʜʘ ʦʙʨʘʟʫʝʪ ʪʦʣʴʢʦ ʦʜʥʫ ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʫʶ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ 

N(i)ïʅ(i)éʆ(j). ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʵʪʦʡ ʩʚʷʟʠ, ʚʳʯʠʩʣʝʥʥʦʝ ʜʣʷ 

ʚʩʝʭ ʩʪʨʫʢʪʫʨ, ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ 2,947(3)ԇ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ, ʥʦ 

ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʦʪʢʣʦʥʝʥʠʷʤʠ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʦʪ +0,354ԇ ʠ ʜʦ 

-0,142ԇ.  

ʊʦʪ ʬʘʢʪ, ʯʪʦ ʤʦʣʝʢʫʣʘ ʤʦʯʝʚʠʥʳ ʷʚʣʷʝʪʩʷ ʜʦʥʦʨʦʤ ʪʦʣʴʢʦ 

ʦʜʥʦʡ ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʦʡ ʅ-ʩʚʷʟʠ, ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʤʦʣʝʢʫʣ 

ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʙʳʪʴ ʘʢʮʝʧʪʦʨʦʤ ʜʣʷ ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ 

ʢʘʨʙʘʤʠʜʦʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʫʞʝ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʤʦʯʝʚʠʥʝ (ʩʤ. 

ʨʠʩʫʥʦʢ 5, ʚ), ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

(ʨʠʩʫʥʦʢ 5, ʘ, ʙ), ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʅ-ʩʚʷʟʝʡ (NiéHiïOj) ʦʪ ʯʝʪʳʨʝʭ 

ʤʦʣʝʢʫʣ ʢʘʨʙʘʤʠʜʘ, ʩʭʦʜʷʱʠʭʩʷ ʥʘ ʦʜʥʦʤ ʘʪʦʤʝ ʢʠʩʣʦʨʦʜʘ, ʨʘʚʥʦ 

ʯʝʪʳʨʝʤ (ʨʠʩʫʥʦʢ 5, ʚ). 

 

 

 
 

 

ʈʠʩ. 5. ʄʦʣʝʢʫʣʘ ʤʦʯʝʚʠʥʳ: ʘ ï ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ 

ʤʦʯʝʚʠʥʳ; ʙ ï ʩʪʨʫʢʪʫʨʘ ʩʚʷʟʝʡ ʚ ʢʨʠʩʪʘʣʣʝ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ 

ʤʦʯʝʚʠʥʳ (urea) OCN2H4; ʚ ï ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ, 

ʩʭʦʜʷʱʠʝʩʷ ʥʘ ʘʪʦʤʝ ʢʠʩʣʦʨʦʜʘ 
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1.3. ʎʠʢʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

 

ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨ ʩ ʢʘʨʙʘʤʠʜʦʤ (ʤʦʯʝʚʠʥʦʡ) ʚ ʥʘʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʵʪʦ ʚʝʱʝʩʪʚʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʤʦʣʝʢʫʣ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʥʦʨʤʘʣʴʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ. ɺ ʢʣʝʪʢʘʭ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ ʤʦʯʝʚʠʥʘ 

ʚʳʧʦʣʥʷʝʪ ʚʘʞʥʝʡʰʫʶ ʬʫʥʢʮʠʶ ʠ ʦʙʨʘʟʫʝʪ çʩʦʙʩʪʚʝʥʥʳʡ ʮʠʢʣè (ʩʤ. 

ʨʠʩʫʥʦʢ 6) ʥʘʨʷʜʫ ʩ ʚʘʞʥʝʡʰʠʤ ʮʠʢʣʦʤ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ɿʘ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʮʠʢʣʦʚ ʚ ʢʣʝʪʢʘʭ ʦʨʛʘʥʠʟʤʘ  ʙʠʦʭʠʤʠʢ ʍ. ʂʨʝʙʩ 

(ʩʦʚʤʝʩʪʥʦ ʩ ʌ. ʃʠʧʧʤʘʥʦʤ) ʙʳʣ ʫʜʦʩʪʦʝʥ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ (ʟʘ 

1953 ʛʦʜ). 

 

 

 

ʈʠʩ. 6. ʎʠʢʣ ʤʦʯʝʚʠʥʳ (ʮʠʢʣ ʂʨʝʙʩʘ-ɻʝʥʟʝʣʝʡʪʘ): 1 ï ʮʠʪʨʫʣʣʠʥ, 2 ï

ʘʨʛʠʥʠʥʦʩʫʢʮʠʥʘʪ, 3 ï ʘʨʛʠʥʠʥ, 4 ï ʦʨʥʠʪʠʥ, 5 ï ʢʘʨʙʘʤʦʠʣʬʦʩʬʘʪ, 

6 ï ʘʩʧʘʨʘʛʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, 7 ï ʬʫʤʘʨʦʚʘʷ ʢʠʩʣʦʪʘ, 8 ï ʚʦʜʘ, 9 ï 

ʤʦʯʝʚʠʥʘ 

 

ʅʘ ʩʪʘʜʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʮʠʢʣʦʚ ʚʦʟʥʠʢʘʶʪ ʯʠʩʪʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʯʠʩʣʝʥʠʝʤ 

(ʢʦʤʙʠʥʘʪʦʨʠʢʦʡ) ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʦʞʝʨʝʣʠʡ. 

https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B5%D0%B1%D1%81,_%D0%A5%D0%B0%D0%BD%D1%81_%D0%90%D0%B4%D0%BE%D0%BB%D1%8C%D1%84
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%BF%D0%BC%D0%B0%D0%BD,_%D0%A4%D1%80%D0%B8%D1%86_%D0%90%D0%BB%D1%8C%D0%B1%D0%B5%D1%80%D1%82
https://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D0%B1%D0%B5%D0%BB%D0%B5%D0%B2%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D1%80%D0%B5%D0%BC%D0%B8%D1%8F_%D0%BF%D0%BE_%D1%84%D0%B8%D0%B7%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D0%B8_%D0%B8_%D0%BC%D0%B5%D0%B4%D0%B8%D1%86%D0%B8%D0%BD%D0%B5#1950-е
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ʉʘʤʳʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʦʞʝʨʝʣʴʷ ʚ ʚʠʜʝ ʮʠʢʣʠʯʝʩʢʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʪʦʯʝʢ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʚ ʧʨʦʩʪʝʡʰʝʤ ʚʠʜʝ 

ʜʚʫʭʮʚʝʪʥʳʤʠ (ʯʝʨʥʦ-ʙʝʣʳʤʠ), ʘ ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʠʭ ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʤʥʦʛʦʮʚʝʪʥʦʡ. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʮʠʢʣʦʚ (ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʷ ʠʭ ʚ 

ʞʠʚʦʤ ʦʨʛʘʥʠʟʤʝ) ʦʛʨʦʤʥʘ: ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʢʦʥʚʝʡʝʨʦʚ ʜʦ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ɼʦʩʪʘʪʦʯʥʦ ʧʨʠʚʝʩʪʠ 

ʧʨʦʩʪʝʡʰʠʡ ʧʨʠʤʝʨ ʩʦ ʰʢʦʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʠʟʦʙʨʘʞʝʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ (ʨʠʩʫʥʦʢ 7). ʉʭʝʤʘ ʦʙʳʯʥʦ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 

ʟʘʤʢʥʫʪʳʝ ʠʣʠ ʨʘʟʦʤʢʥʫʪʳʝ ʮʝʧʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʪʦʢʘ. ʅʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ ʭʦʪʷ ʙʳ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʩʭʝʤʳ 

ʚʝʜʝʪ ʢ ʥʝ ʚʩʝʛʜʘ ʧʨʝʜʩʢʘʟʫʝʤʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. 

 

 
 

ʈʠʩ. 7. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ: ʘ ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ; ʙ ï 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʭʝʤʳ ʚ çʮʠʢʣʘʭè; ʚ ï ʧʨʠʤʝʨ ʣʝʚʦʛʦ ʮʠʢʣʘ, ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʥʘʛʨʫʟʦʢ 

 

ʆʙʦʟʥʘʯʝʥʠʷ ʚ ʟʘʤʢʥʫʪʳʭ ʢʦʥʪʫʨʘʭ ʩʭʝʤʳ ʩʪʘʥʜʘʨʪʥʳʝ: ɽ (Ů) ï 

ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ; ʂ ï ʢʦʥʪʘʢʪ (ʨʘʟʦʤʢʥʫʪʳʡ ʢʦʥʪʘʢʪ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʦʤ); ʉ ï ʢʦʥʜʝʥʩʘʪʦʨ; R ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ; D ï ʜʝʪʝʢʪʦʨ 

(ʚʳʧʨʷʤʠʪʝʣʴ). ɺʩʝ ʪʦʯʢʠ ʦʮʠʬʨʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʦʚ ʩʠʤʤʝʪʨʠʠ.  

ʂʘʢ ʤʳ ʫʚʠʜʠʤ ʥʠʞʝ, ʢʘʞʜʳʡ ʮʠʢʣ ʠʤʝʝʪ ʩʚʦʶ ʩʠʤʤʝʪʨʠʶ ʠ, ʚ 

ʧʨʠʥʮʠʧʝ, ʧʨʠ ʣʶʙʦʤ ʥʘʨʫʰʝʥʠʠ ʨʘʙʦʪʳ ʚ ʩʭʝʤʝ ʤʳ ʛʦʚʦʨʠʤ ʦ 

ʥʘʨʫʰʝʥʠʠ ʝʝ ʩʠʤʤʝʪʨʠʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʜʘʞʝ ʟʘʜʘʯʠ ʧʝʨʝʯʠʩʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨ ʮʚʝʪʥʳʭ ʦʞʝʨʝʣʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʥʝ ʨʝʰʝʥʳ, ʠ ʥʝ ʪʦʣʴʢʦ ʚ 

ʦʙʱʝʤ, ʥʦ ʠ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʪʨʝʭʮʚʝʪʥʦʛʦ ʚʘʨʠʘʥʪʘ. ɼʣʷ 

ʜʚʫʭʮʚʝʪʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʙʦʨʦʚ ʪʦʯʝʢ ʘʚʪʦʨʘʤ ʚ ʩʚʦʝ ʚʨʝʤʷ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ ʬʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʠʭ 

ʢʦʣʠʯʝʩʪʚʘ. ʏʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʜʚʫʭʮʚʝʪʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʨʘʟʙʠʝʥʠʡ, 

ʢʘʢ ʠʥʚʘʨʠʘʥʪʥʳʭ, ʪʘʢ ʠ ʥʝʠʥʚʘʨʠʘʥʪʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʥʚʝʨʩʠʠ, 

ʥʦ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦ ʦʜʥʦʤʫ ʨʘʟʫ, ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʳʤ ʢʦʣʠʯʝʩʪʚʫ ʈk
v, 
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ʛʜʝ v ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʮʚʝʪʥʳʭ ʠ ʥʝʮʚʝʪʥʳʭ ʪʦʯʝʢ, ʚʦʟʤʦʞʥʳʭ ʚ 

ʮʠʢʣʝ, ʘ k ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʟʠʮʠʡ, ʟʘʥʷʪʳʭ ʪʦʯʢʘʤʠ ʩ ʦʜʥʠʤ ʮʚʝʪʦʤ. ʕʪʘ 

ʬʦʨʤʫʣʘ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ. 

 

ὖ ὔ ὓ , 

 

ʛʜʝ ὔ В ὅ В ‘ὨȾȾ , ʘ ὓ ὅ
Ⱦ

Ⱦ
, ʧʨʠ ʵʪʦʤ 

В •ὨȾ . 

ɿʘ ű(d)ʦʙʦʟʥʘʯʝʥʘ ʬʫʥʢʮʠʷ ʕʡʣʝʨʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʢʦʣʠʯʝʩʪʚʦ 

ʯʠʩʝʣ ʚʟʘʠʤʥʦ ʧʨʦʩʪʳʭ ʩ d. ʉʠʤʚʦʣ В ɂȾ ʩʫʤʤʠʨʦʚʘʥʠʝ ʧʦ ʚʩʝʤ 

ʜʝʣʠʪʝʣʷʤ ʯʠʩʣʘ n, ʘ n ï ʥʘʠʙʦʣʴʰʠʡ ʜʝʣʠʪʝʣʴ ʯʠʩʝʣ k ʠ v. ʉʣʦʞʥʦʩʪʴ 

ʬʦʨʤʫʣ ʨʘʩʯʝʪʘ (ʜʘʞʝ ʜʣʷ ʢʦʣʠʯʝʩʪʚʘ ʜʚʫʭʮʚʝʪʥʳʭ ʮʠʢʣʦʚ) ʧʦʢʘʟʳʚʘʝʪ 

ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴ ʟʘʜʘʯʠ ʧʝʨʝʯʠʩʣʝʥʠʷ ʮʚʝʪʥʳʭ çʦʞʝʨʝʣʠʡè. ʇʦʵʪʦʤʫ 

ʚ ʥʘʫʯʥʦʤ ʧʣʘʥʝ ʢʦʥʢʨʝʪʥʳʝ ʮʚʝʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʢʦʣʝʮ, ʜʦ ʥʘʰʝʛʦ 

ʚʨʝʤʝʥʠ, ʧʦʯʪʠ ʥʝ ʨʘʩʩʤʦʪʨʝʥʳ. ʌʦʨʤʫʣʳ ʧʝʨʝʯʠʩʣʝʥʠʷ ʜʚʫʭʮʚʝʪʥʳʭ 

ʢʦʣʝʮ ʧʨʠʚʝʜʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʦʙʱʝʛʦ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʧʨʦʙʣʝʤʦʡ, ʠ ʥʘʤʠ 

ʜʘʣʝʝ ʧʨʠʤʝʥʷʪʴʩʷ ʥʝ ʙʫʜʫʪ.  

ʄʦʞʥʦ ʪʝʤ ʥʝ ʤʝʥʝʝ ʧʨʝʜʣʦʞʠʪʴ ʩʧʦʩʦʙ ʧʝʨʝʙʦʨʘ ʤʥʦʛʦʮʚʝʪʥʳʭ 

ʨʘʟʙʠʝʥʠʡ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʥʘ ʦʩʥʦʚʝ ʛʨʫʧʧ ʧʦʜʩʪʘʥʦʚʦʢ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ. ʊʦʯʢʠ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʧʦʜʮʠʢʣʫ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ 

ʩʠʤʤʝʪʨʠʠ, ʧʨʠ ʨʘʩʯʝʪʝ ʪʘʙʣʠʮʳ ʫʤʥʦʞʝʥʠʷ ʂʵʣʠ (ʪʘʙʣʠʮʘ 2) 

ʩʯʠʪʘʶʪʩʷ ʠʜʝʥʪʠʯʥʳʤʠ ʠ ʦʢʨʘʰʠʚʘʶʪʩʷ ʧʨʠ çʚʠʟʫʘʣʠʟʘʮʠʠè ʚ 

ʦʜʠʥʘʢʦʚʳʡ ʮʚʝʪ. ʇʦʵʪʦʤʫ ʦʞʝʨʝʣʴʝ (ʨʠʩ. 8), ʠʤʝʶʱʝʝ 8 ʚʦʟʤʦʞʥʳʭ 

ʦʢʨʘʩʦʢ ʪʦʯʝʢ ʚ ʦʧʝʨʘʮʠʠ g[0], ʠʟ-ʟʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʠʤʤʝʪʨʠʠ 

ʧʝʨʝʭʦʜʠʪ ʚ ʜʚʫʭʮʚʝʪʥʳʝ (g[1], g[3]) ʠʣʠ ʯʝʪʳʨʝʭʮʚʝʪʥʦʝ (g[2]) 

ʩʦʩʪʦʷʥʠʷ.  

ʊʘʙʣʠʮʘ 2 

ɻʨʫʧʧʘ ʧʦʜʩʪʘʥʦʚʦʢ çʮʚʝʪʥʦʛʦ ʦʞʝʨʝʣʴʷè. ɺʘʨʠʘʥʪʳ ʧʦʜʮʠʢʣʦʚ 

g[0]=(0 1 2 3 4 5 6 7 );   g[0]   g[1]   g[2]   g[3]   (0)(1)(2)(3)(4)(5)(6)(7) 

g[1]=(5 4 7 6 0 1 2 3 );   g[1]   g[2]   g[3]   g[0]   (0514)(2736) 

g[2]=(1 0 3 2 5 4 7 6 );   g[2]   g[3]   g[0]   g[1]   (01)(23)(45)(67) 

g[3]=(4 5 6 7 1 0 3 2 );   g[3]   g[0]   g[1]   g[2]   (0415)(2637) 
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ʈʠʩ. 8. ʕʣʝʤʝʥʪʳ ʛʨʫʧʧʳ ʧʦʜʩʪʘʥʦʚʦʢ ʢʦʣʴʮʘ 

(4 ʮʚʝʪʥʳʭ çʦʞʝʨʝʣʴʷè) 

 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʩʚʦʡʩʪʚ 

ʜʠʬʝʥʠʣʘʣʘʥʠʥʦʚʳʭ ʧʝʧʪʠʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. 

ʇʨʦʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʤʦʜʝʣʝʡ ʩʪʨʫʢʪʫʨ (ʣʝʚʘʷ (L) ʠ ʧʨʘʚʘʷ (D) 

ʬʦʨʤʳ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʨʫʢʪʫʨ, ʠʟʚʣʝʯʝʥʥʳʭ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʙʘʟ ʜʘʥʥʳʭ (ʨʠʩʫʥʦʢ 9).  

ʋʩʪʘʥʦʚʣʝʥʦ ʪʦʧʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʣʠʯʠʝ: ʤʦʜʝʣʴʥʳʝ ʧʝʧʪʠʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʚ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʦʣʝʮ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠʨʦʜʥʳʡ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʡʩʷ ʧʝʧʪʠʜ ʥʘʥʦʪʨʫʙʢʠ 

ʩʦʩʪʦʷʣ ʠʟ ʩʧʠʨʘʣʴʥʳʭ ʢʘʪʫʰʝʢ.  

ʆʥʠ ʦʙʨʘʟʦʚʘʣʠ ʩʧʠʨʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ ʟʥʘʢ 

ʭʠʨʘʣʴʥʦʩʪʠ (ʨʘʟʚʦʨʦʪʘ ʤʦʣʝʢʫʣ) ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ 

ʧʦʚʳʰʘʝʪʩʷ ʫʨʦʚʝʥʴ ʠʝʨʘʨʭʠʠ, ʪʦ ʝʩʪʴ ʠʭ ʫʩʣʦʞʥʝʥʠʷ. ʀʥʪʝʨʝʩʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʝʪʩʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʤʝʞʜʫ 
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ʢʦʣʴʮʦʤ ʠ ʩʧʠʨʘʣʴʥʦʡ ʢʘʪʫʰʢʦʡ ʩʪʨʫʢʪʫʨ ʧʝʧʪʠʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ: 

ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ ʧʨʠʨʦʜʥʳʝ ʩʧʠʨʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʦʣʝʝ 

ʩʪʘʙʠʣʴʥʳ ʠ ʚʳʛʦʜʥʳ, ʦʥʠ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʵʥʝʨʛʠʶ ʩʚʷʟʠ ʚ 

ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʣʷʤʠ.  

ʀʟʦʤʝʨʳ ʨʝʘʣʴʥʳʭ ʧʝʧʪʠʜʦʚ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʩʠʤʤʝʪʨʠʠ ʈ61 (ʣʝʚʘʷ ʬʦʨʤʘ) ʠ ʈ65 (ʧʨʘʚʘʷ ʬʦʨʤʘ) ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʝ (Z-ʧʨʦʝʢʮʠʷ), ʘ ʪʘʢʞʝ ʚʳʜʝʣʝʥʥʳʝ ʚ ʷʯʝʡʢʘʭ ʢʨʠʩʪʘʣʣʦʚ 

ʬʨʘʛʤʝʥʪʳ ʢʦʣʝʮ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ ʥʘ ʨʠʩʫʥʢʝ 9. 

 

 
 

ʘ 

 

 
ʙ 

 

ʈʠʩ. 9. ʕʣʝʤʝʥʪʳ ʢʦʣʝʮ ʧʝʧʪʠʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ: 

ʘ ï ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ; ʙ ï ʚ ʤʦʜʝʣʷʭ 

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʢʦʣʝʮ ʧʝʧʪʠʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ ʠʩʧʦʣʴʟʫʝʤ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚʳʰʝ ʩʧʦʩʦʙ ʧʝʨʝʙʦʨʘ 

ʤʥʦʛʦʮʚʝʪʥʳʭ ʨʘʟʙʠʝʥʠʡ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʥʘ ʦʩʥʦʚʝ ʛʨʫʧʧ 

ʧʦʜʩʪʘʥʦʚʦʢ, ʧʨʠʚʝʜʸʥʥʳʡ ʚ ʪʘʙʣʠʮʝ 3. 
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ɺʳʜʝʣʠʤ ʠʟ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʢʦʣʝʮ ʦʜʠʥ ʚʘʨʠʘʥʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʜʘʶʱʠʡ ʜʚʫʭʮʚʝʪʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʕʪʦʪ ʩʣʫʯʘʡ ʙʫʜʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʚʫʤ ʦʨʠʝʥʪʘʮʠʷʤ ʤʦʣʝʢʫʣ, ʨʘʟʚʝʨʥʫʪʳʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ɺ ʧʨʠʥʮʠʧʝ, ʚʳʙʠʨʘʷ ʚ ʢʦʣʴʮʝ ʪʦʣʴʢʦ ʰʝʩʪʴ 

ʪʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʮʠʢʣʝ ʩ ʩʠʤʤʝʪʨʠʝʡ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ, ʤʳ ʫʞʝ 

ʤʦʛʣʠ ʙʳ ʜʦʙʠʪʴʩʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ, 

ʦʙʥʘʨʫʞʝʥʥʦʡ ʚ ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʕʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʈ61 ʜʣʷ çʣʝʚʦʡè ʬʦʨʤʳ ʤʦʣʝʢʫʣ ʠ ʈ65 ʜʣʷ çʧʨʘʚʦʡè 

(ʨʠʩʫʥʦʢ 9). ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʢʘʞʜʦʡ ʠʟ ʩʪʨʫʢʪʫʨ ʠʩʯʝʟʘʝʪ 

ʵʬʬʝʢʪ çʨʘʟʚʦʨʦʪʘè ʤʦʣʝʢʫʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ʇʦʵʪʦʤʫ 

ʩʣʝʜʫʝʪ ʠʟʙʨʘʪʴ ʩʪʨʫʢʪʫʨʫ ʢʦʣʴʮʘ ʠʟ 12 ʤʦʣʝʢʫʣ ʪʘʢ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩʫʥʢʝ 10. 

 

 
ʈʠʩ. 10. ʂʦʣʴʮʦ ʠʟ 12 ʤʦʣʝʢʫʣ 

 

ʃʝʛʢʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʜʚʫʭʮʚʝʪʥʳʡ ʚʘʨʠʘʥʪ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥ 

ʥʘ ʦʩʥʦʚʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ g[2]=(2 3 4 5 6 7 8 9 10 11 0 1) ʠʟ ʛʨʫʧʧʳ 

ʩʠʤʤʝʪʨʠʠ 12-ʛʦ ʧʦʨʷʜʢʘ (ʪʘʙʣʠʮʘ 3), ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 10. 

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʟʘʤʝʯʝʥ ʵʬʬʝʢʪ ʭʠʨʘʣʴʥʦʩʪʠ (ʨʘʟʚʦʨʦʪʘ ʧʘʨ 

ʤʦʣʝʢʫʣ) ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʘʤʦʩʙʦʨʢʠ ʜʠʬʝʥʠʣʘʣʘʥʠʥʦʚʳʭ ʧʝʧʪʠʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ. 

ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʩʪʨʫʢʪʫʨʘʤ ʩ ʢʘʨʙʘʤʠʜʦʤ, ʦʪʤʝʯʘʝʤ, ʯʪʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ 

[Mg(OCN2H4)6]
2+,3+ (ʨʠʩ. 10) ʚ ʥʠʭ ʪʘʢʦʚʳ, ʯʪʦ ʥʘ ʦʜʥʦʤ ʘʪʦʤʝ ʢʠʩʣʦ-

ʨʦʜʘ ʤʦʞʝʪ ʩʭʦʜʠʪʴʩʷ ʥʝ ʙʦʣʝʝ ʪʨʝʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ɺ ʨʝʘʣʴʥʦʤ 

ʩʣʫʯʘʝ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʪʦʣʴʢʦ ʜʚʝ ʅ-ʩʚʷʟʠ, ʩʭʦʜʷʱʠʭʩʷ ʢ ʦʜʥʦʤʫ 

ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ, ʚ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʘʭ: [M(OCN2H4)6]
2+,3+ 

(ʉ104)
- ʠ WOKNIT (ʨʠʩʫʥʦʢ 11, ʙ). ʂʘʞʜʳʡ ʨʘʟ çʥʦʚʦʝè ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʦʢʪʘʵʜʨʝ [Mg(OCN2H4)6] çʥʘʨʫʰʘʝʪ 

ʩʠʤʤʝʪʨʠʶè ʦʢʪʘʵʜʨʘ. ɼʣʷ ʥʘʩ ʦʢʘʟʘʣʦʩʴ ʚʘʞʥʦ, ʯʪʦ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ 

ʢʦʤʧʣʝʢʩʦʚ URCONT ʠ WOKNIT (ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʬʦʨʤʫʣʘʤʠ, 
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ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʝ 3) ʧʨʠʚʝʣʦ ʚʧʝʨʚʳʝ ʢ ʦʙʥʘʨʫʞʝʥʠʶ ʚ 

ʦʜʥʦʤ ʠʟ ʥʠʭ (ʘ ʠʤʝʥʥʦ ʚ WOKNIT) ʛʨʫʧʧʳ ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ.  

 

 
 

ʈʠʩ. 11. ʉʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ ʄʝ3+(urea)6: 

ʘ ï ʙʝʟ ʜʚʦʡʥʳʭ ʚʦʜʦʨʦʜʥʳʭ (NiïOj) ʩʚʷʟʝʡ (URCONT); ʙ ï ʩ ʜʚʦʡʥʦʡ 

ʚʦʜʦʨʦʜʥʦʡ (Ni ï Oj) ʩʚʷʟʴʶ (WOKNIT). ʋʢʘʟʘʥʳ ʨʝʬʝʨʘʪʠʚʥʳʝ ʢʦʜʳ 

ʧʦʠʩʢʘ ʩʪʨʫʢʪʫʨ ʚ ʂʝʤʙʨʠʜʞʩʢʦʤ ʙʘʥʢʝ ʜʘʥʥʳʭ 

 

ʅʘ ʩʪʘʜʠʠ ʦʧʠʩʘʥʠʷ ʩʠʤʤʝʪʨʠʠ ʩʪʨʫʢʪʫʨʳ, ʥʘʨʫʰʝʥʥʦʡ 

ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʳʤʠ çʜʚʦʡʥʳʤʠè ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ (ʨʠʩʫʥʦʢ 11, 

ʙ), ʚʦʟʥʠʢʘʝʪ ʪʘʢʞʝ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ çʥʘʨʫʰʝʥʠʷè ʠ 

ʚ ʧʨʘʚʠʣʘʭ ʟʘʧʠʩʠ, ʪʦ ʝʩʪʴ çʢʦʜʠʨʦʚʘʥʠʷè ʤʘʪʨʠʮ ʧʦʜʩʪʘʥʦʚʦʢ. ɺ 

ʜʘʥʥʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ (ʧʦ ʨʠʩʫʥʢʫ 11, ʙ) ʤʘʪʨʠʮʘ ʅ-ʩʚʷʟʝʡ ʚ 

ʢʘʪʠʦʥʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
012345

223550

å õ
æ ö
ç ÷

, ʠʣʠ çʧʦ ʥʠʞʥʝʡ 

ʩʪʨʦʢʝè: (223550), ʪʦ ʝʩʪʴ ʚ ʚʠʜʝ ʷʚʥʦ çʥʝʢʣʘʩʩʠʯʝʩʢʦʡè ʟʘʧʠʩʠ 

ʧʦʜʩʪʘʥʦʚʢʠ.  

 

1.4. ʇʨʠʥʮʠʧʳ ʩʦʭʨʘʥʝʥʠʷ ʠ ʥʘʨʫʰʝʥʠʷ ʩʠʤʤʝʪʨʠʠ 

 

ʇʫʩʪʴ ʪʝʧʝʨʴ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʨʘʥʝʝ ʛʨʫʧʧʝ ʩʠʤʤʝʪʨʠʠ 

ʩʪʨʫʢʪʫʨʳ ʧʷʪʠʫʛʦʣʴʥʠʢʘ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʦʡ (ʧʦ ʨʠʩʫʥʢʫ 2), ʚ 

ʤʘʪʨʠʮʝ ʨʘʩʯʝʪʘ ʛʨʫʧʧʳ (ʪʘʙʣʠʮʘ 1) ʧʦʷʚʠʣʘʩʴ, ʢʘʢ ʚ ʩʪʨʫʢʪʫʨʝ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ ʩ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, çʩʣʫʯʘʡʥʘʷ ʦʰʠʙʢʘ 

ʢʦʜʘè, ʠʣʠ ʧʨʦʩʪʦʡ çʜʝʬʝʢʪè ʚ ʟʘʧʠʩʠ ʦʧʝʨʘʮʠʠ ʩʠʤʤʝʪʨʠʠ g[1]. 

ʅʘʧʨʠʤʝʨ, ʚʤʝʩʪʦ ʧʝʨʝʩʪʘʥʦʚʢʠ ʯʠʩʝʣ ʚ g[1] = (0 2 3 4 5 1) ʠʟ 

ʪʘʙʣʠʮʳ 1, ʟʘʧʠʩʘʥʦ: g[1] = (0 2 3 4 3 1) (ʪʦ ʝʩʪʴ ʚʦʟʥʠʢʣʘ  ʧʦʜʩʪʘʥʦʚʢʘ 

ʩ çʜʝʬʝʢʪʦʤè). ɿʘʪʝʤ, ʚ ʢʘʯʝʩʪʚʝ ʜʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʛʨʫʧʧʳ ʧʦʜʩʪʘʥʦʚʦʢ 
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ʩ ʜʝʬʝʢʪʦʤ ʚʳʙʝʨʝʤ ʧʦ ʧʨʘʚʠʣʫ ʫʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮ ʦʧʝʨʘʮʠʶ 

g[2] = (g[1])2 = (0 3 4 3 4 2). ʇʨʦʠʟʚʦʜʷ ʜʘʣʝʝ ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ ʚʩʝʭ 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʤʘʪʨʠʮ, ʧʦʣʫʯʠʤ ʢʦʥʝʯʥʫʶ ʪʘʙʣʠʮʫ 

ʧʦʜʤʥʦʞʝʩʪʚʘ ʧʨʦʠʟʚʝʜʝʥʠʡ ʙʠʥʘʨʥʳʭ ʦʧʝʨʘʮʠʡ ʩ çʜʝʬʝʢʪʦʤè 

(ʪʘʙʣʠʮʘ 4).  

ʊʘʙʣʠʮʘ 4 

ʊʘʙʣʠʮʘ 9 Ĭ 9 ʧʦʜʤʥʦʞʝʩʪʚʘ ʧʨʦʠʟʚʝʜʝʥʠʡ ʦʧʝʨʘʮʠʡ ʩ çʜʝʬʝʢʪʦʤè 

g[0]=(0 1 2 3 4 5 );  g[0]   g[1]   g[2]   g[3]   g[4]   g[5]   g[6]   g[7]   g[8]  

g[1]=(0 2 3 4 3 1 );  g[1]   g[2]   g[3]   g[4]   g[3]   g[1]   g[2]   g[3]   g[4] 

g[2]=(0 3 4 3 4 2 );  g[2]   g[3]   g[4]   g[3]   g[4]   g[2]   g[3]   g[4]   g[3]  

g[3]=(0 4 3 4 3 3 );  g[3]   g[4]   g[3]   g[4]   g[3]   g[3]   g[4]   g[3]   g[4]  

g[4]=(0 3 4 3 4 4 );  g[4]   g[3]   g[4]   g[3]   g[4]   g[4]   g[3]   g[4]   g[3]  

g[5]=(0 1 2 3 4 3 );  g[5]   g[6]   g[7]   g[8]   g[7]   g[5]   g[6]   g[7]   g[8]  

g[6]=(0 2 3 4 3 4 );  g[6]   g[7]   g[8]   g[7]   g[8]   g[6]   g[7]   g[8]   g[7]  

g[7]=(0 3 4 3 4 3 );  g[7]   g[8]   g[7]   g[8]   g[7]   g[7]   g[8]   g[7]   g[8]  

g[8]=(0 4 3 4 3 4 );  g[8]   g[7]   g[8]   g[7]   g[8]   g[8]   g[7]   g[8]   g[7]  

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʘ ʪʘʙʣʠʮʘ ʥʝ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʘʙʣʠʮʝʡ 

ʂʵʣʠ, ʪʘʢ ʢʘʢ ʚ ʥʝʡ ʦʪʩʫʪʩʪʚʫʶʪ ʦʙʨʘʪʥʳʝ ʵʣʝʤʝʥʪʳ, ʘ ʚ ʩʪʨʦʢʘʭ ʠ 

ʩʪʦʣʙʮʘʭ çʚʩʪʨʝʯʘʶʪʩʷè ʦʜʠʥʘʢʦʚʳʝ ʯʠʩʣʘ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ çʜʝʬʝʢʪè ʚ ʟʘʧʠʩʠ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 

ʦʙʲʝʢʪʘ ʧʨʠʚʝʣ ʢ ʦʧʠʩʘʥʠʶ ʥʘʨʫʰʝʥʠʷ ʝʛʦ ʩʠʤʤʝʪʨʠʠ. ʊʦʛʜʘ, ʠʩʭʦʜʷ 

ʠʟ ʦʙʱʝʛʦ ʧʨʠʥʮʠʧʘ ʥʘʨʫʰʝʥʠʷ ʩʠʤʤʝʪʨʠʠ, ʚʳʩʢʘʟʘʥʥʦʛʦ ʨʘʥʝʝ ʇ. 

ʂʶʨʠ (ʩʤ., ʥʘʧʨʠʤʝʨ, [2]), ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʩʚʦʡʩʪʚ ʚ 

ʩʪʨʫʢʪʫʨʘʭ ʪʘʢʦʛʦ ʤʥʦʞʝʩʪʚʘ. ʉʘʤ çʇʨʠʥʮʠʧ ʇ. ʂʶʨʠè ʤʦʞʝʪ ʙʳʪʴ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: çɽʩʣʠ ʦʧʨʝʜʝʣʝʥʥʳʝ "ʧʨʠʯʠʥʳ" 

ʚʳʟʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʣʝʜʩʪʚʠʝ, ʪʦ ɻ ʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ ʧʨʠʯʠʥ 

ʜʦʣʞʥʳ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʚʳʟʚʘʥʥʳʭ ʠʤʠ ʩʣʝʜʩʪʚʠʷʭ. ɽʩʣʠ ʚ ʢʘʢʠʭ-ʣʠʙʦ 

ʷʚʣʝʥʠʷʭ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʜʠʩʠʤʤʝʪʨʠʷ, ʪ.ʝ. 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʣʠ ʥʘʨʫʰʝʥʥʘʷ ʩʠʤʤʝʪʨʠʷ, ʪʦ ʵʪʘ ʞʝ ʜʠʩʠʤʤʝʪʨʠʷ 

ʜʦʣʞʥʘ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʧʨʠʯʠʥʘʭ, ʠʭ ʧʦʨʦʜʠʚʰʠʭè. çʂʦʛʜʘ ʨʘʟʣʠʯʥʳʝ 

ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠʣʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʷʚʣʝʥʠʷ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʜʨʫʛ 

ʥʘ ʜʨʫʛʘ, ʦʙʨʘʟʫʷ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ, ʠʭ ʜʠʩʠʤʤʝʪʨʠʠ ʩʢʣʘʜʳʚʘʶʪʩʷè. 

çʕʪʦ ʦʥʘ, "ʜʠʩʩʠʤʤʝʪʨʠʷ" ʪʚʦʨʠʪ ʷʚʣʝʥʠʝè (ʐʫʙʥʠʢʦʚ, ʂʦʧʮʠʢ). 

çɼʝʬʝʢʪè ʚ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʨʫʢʪʫʨʝ ʷʚʣʷʝʪʩʷ 

ʧʨʦʩʪʝʡʰʠʤ ʩʧʦʩʦʙʦʤ ʦʧʠʩʘʥʠʷ ʵʬʬʝʢʪʘ çʥʘʨʫʰʝʥʠʷ ʩʠʤʤʝʪʨʠʠè. ʅʦ 

ʚ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʤʳ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʤ ʧʦʩʣʝʜʩʪʚʠʷ ʥʘʨʫʰʝʥʠʷ 

ʩʠʤʤʝʪʨʠʠ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʦʮʝʩʩʘ (ʧʦ ʇ. ʂʶʨʠ). ʅʘ 

ʨʠʩʫʥʢʝ 12 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʦʢʘʟʘʥ ʧʨʦʩʪʝʡʰʠʡ ʧʨʦʮʝʩʩ 

çʨʦʞʜʝʥʠʷè ʚʦʣʥʳ ʚ ʯʘʰʢʝ ʩ ʚʦʜʦʡ, ʝʩʣʠ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʴ çʫʧʘʣʘè 

ʢʘʧʣʷ (ʚ ʪʦʯʢʝ ɸ ï ʚʠʜ ʩʚʝʨʭʫ) ʠ ʥʘʨʫʰʠʣʘ ʦʜʥʦʨʦʜʥʫʶ ʩʠʤʤʝʪʨʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. 
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ʈʠʩ. 12. ʅʘʨʫʰʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʣʥ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ 

 

ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʘʥʘʣʠʟʫ ʪʘʙʣʠʮʳ ʦʧʝʨʘʮʠʡ ʩ çʜʝʬʝʢʪʦʤè, ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʢʘʞʜʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʠʟ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʠʤʤʝʪʨʠʠ ʠʣʠ ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ ʤʦʞʥʦ 

ʧʦʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʝʢʦʪʦʨʫʶ ʩʪʨʫʢʪʫʨʫ. ʆʧʠʩʘʥʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʵʪʦʡ ʩʪʨʫʢʪʫʨʝ ʩʣʝʜʫʝʪ ʚʝʩʪʠ ʚ ʪʝʨʤʠʥʘʭ 

ʧʨʦʠʟʚʦʣʴʥʦʡ çʧʦʜʩʪʘʥʦʚʢʠè, ʥʦ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ çʧʝʨʝʩʪʘʥʦʚʢʠè ʯʠʩʝʣ. 

ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʫʷ ʦʧʝʨʘʮʠʠ ʪʘʙʣʠʮʳ 4, ʜʣʷ ʵʣʝʤʝʥʪʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ g[1] = (0 2 3 4 3 1) ʠʤʝʝʤ ʯʠʩʣʘ, ʟʘʧʠʩʘʥʥʳʝ ʚ ʤʘʪʨʠʮʝ 

ʢʘʢ çʦʪʥʦʰʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʪʦʯʝʢè (çʧʝʨʝʭʦʜʳ ʧʦ ʩʚʷʟʷʤè). 

ʂʦʥʢʨʝʪʥʦ, 0Ÿ0 (0 ʧʝʨʝʰʝʣ ʚ 0), 1Ÿ2 (1 ʧʝʨʝʰʣʘ ʚ 2) ʠ ʜʘʣʝʝ 2Ÿ3, 

3Ÿ4, 4Ÿ3, 5Ÿ1.  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ ʨʝʘʣʴʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʘʨʙʘʤʠʜʦʤ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʜʚʫʤʝʨʥʫʶ 

ʠʣʠ ʦʜʥʦʤʝʨʥʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ çʚʠʟʫʘʣʠʟʘʮʠʶè ʘʙʩʪʨʘʢʪʥʳʭ 

ʩʪʨʫʢʪʫʨ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʛʨʫʧʧʘʭ ʩ ʥʝʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʠ 

ʩ ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ (ʪʘʙʣʠʮʘ 4). ʇʝʨʝʭʦʜʳ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ 

ʙʫʜʝʤ ʠʟʦʙʨʘʞʘʪʴ ʣʠʙʦ ʚʝʢʪʦʨʘʤʠ, ʣʠʙʦ ʜʫʛʦʚʳʤʠ ʩʪʨʝʣʢʘʤʠ. 

ʈʝʟʫʣʴʪʘʪ çʚʠʟʫʘʣʠʟʘʮʠʠè ʩʪʨʫʢʪʫʨʳ ʩ ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 13 ʜʣʷ ʪʨʝʭ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʳʭ ʦʧʝʨʘʮʠʡ g[0], 

g[1] ʠ g[8] ʠʟ ʪʘʙʣʠʮʳ 4. 
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ʈʠʩ. 13. ɺʠʟʫʘʣʠʟʘʮʠʷ (ʚ ʜʚʫʤʝʨʥʦʤ ʠ ʦʜʥʦʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʘʭ) 

ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʤʥʦʞʝʩʪʚʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (ʧʦ ʪʘʙʣʠʮʝ 5) 

 

ɺ ʦʜʥʦʤ ʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʤʥʦʞʝʩʪʚʦ, ʩʦʜʝʨʞʘʱʝʝ 34 ʯʠʩʣʘ, ʩʦʩʪʘʚʠʣʦ ʪʘʙʣʠʮʫ ʠʟ 91 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ çʜʝʬʝʢʪʦʤè (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ). ɹʫʜʝʤ ʥʘʟʳʚʘʪʴ ʜʘʣʝʝ 

ʪʘʢʫʶ ʛʨʫʧʧʫ (ʠʣʠ ʧʦʜʛʨʫʧʧʫ) ʛʨʫʧʧʦʡ ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ (ɻʅʉ). 

ʇʦʨʷʜʢʦʤ ʛʨʫʧʧʳ ɻʅʉ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʤʥʦʞʝʩʪʚʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ 

ʛʨʫʧʧʝ, ʘ ʥʝ ʯʠʩʣʦ ʪʦʯʝʢ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʪʨʫʢʪʫʨʝ, ʢʘʢ ʵʪʦ ʯʘʩʪʦ 

ʜʝʣʘʝʪʩʷ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʧʦʣʥʦʡ ʪʘʙʣʠʮʝ ʚʩʝʭ (91 Ĭ 91) ʧʨʦʠʟʚʝʜʝʥʠʡ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 4 ʦʧʝʨʘʮʠʠ (ʚʢʣʶʯʘʷ g[0]), ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ 

ʥʝʙʦʣʴʰʦʝ ʟʘʤʢʥʫʪʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (ʧʦʜʛʨʫʧʧʫ ɻʅʉ 

4-ʛʦ ʧʦʨʷʜʢʘ), ʥʠʞʝ ʧʨʠʚʝʜʝʥʥʦʝ ʚ ʪʘʙʣʠʮʝ 5. 

ʅʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨ ʚʩʝʭ ʦʧʝʨʘʮʠʡ ʵʪʦʛʦ 

ʧʦʜʤʥʦʞʝʩʪʚʘ (ʪʘʙʣʠʮʘ 5) ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 14. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʩʪʨʫʢʪʫʨʳ ʦʧʝʨʘʮʠʡ (ʢʨʦʤʝ ʪʦʞʜʝʩʪʚʝʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ g[0]), ʪʦ 

ʝʩʪʴ, g[1], g[2], g[3] (ʨʠʩʫʥʦʢ 10) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ 

ʠ ʚʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ, ʦʙʣʘʜʘʶʪ ʢʦʥʚʝʨʛʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʪʦ ʝʩʪʴ ʚ 

ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʩʝ ʧʫʪʠ ʩʭʦʜʷʪʩʷ ʢ çʢʦʨʥʶ ʜʝʨʝʚʘè ʦʨʛʨʘʬʘ ʚ ʪʦʯʢʝ 

ʧʦʜ ʥʦʤʝʨʦʤ 16). ɿʘʤʝʥʘ ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʢʪʦʨʦʚ ʦʨʛʨʘʬʘ ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʚʝʢʪʦʨʳ ʧʨʠʚʦʜʠʪ ʢ ʥʦʚʦʤʫ ʦʨʛʨʘʬʫ ʩ 

ʜʠʚʝʨʛʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʧʫʪʠ ʙʫʜʫʪ çʚʳʭʦʜʠʪʴè ʠʟ 

ʪʦʯʢʠ.  
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ʈʠʩ. 14. ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʘʣʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ ɻʅʉ 

ʦʙʲʝʢʪʘ ʠʟ 34 ʪʦʯʝʢ (ʧʦ ʪʘʙʣʠʮʝ 5) 

 

ʄʦʞʥʦ ʪʘʢʞʝ ʦʪʜʝʣʴʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʜʣʷ ʪʘʙʣʠʮʳ ʫʤʥʦʞʝʥʠʷ ʩ 

ʣʶʙʳʤ ʢʦʥʝʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʤʝʥʪʦʚ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʪʘʙʣʠʮʝʡ ʫʤʥʦʞʝʥʠʷ (ʧʦ ʪʘʙʣʠʮʘʤ 5, 6), ʦʙʷʟʘʪʝʣʴʥʦ ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦ 

ʦʩʦʙʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. ɽʛʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʝʜʠʥʩʪʚʝʥʥʳʤ ʯʠʩʣʦʤ. 

ʅʘʧʨʠʤʝʨ (ʩʤ. ʪʘʙʣʠʮʫ 6), ʚ ʩʪʨʫʢʪʫʨʝ ʦʨʛʨʘʬʘ ʜʣʷ ʦʧʝʨʘʮʠʠ 

g[7] = (7 7 7 7 7 7 7 7)  ʵʪʘ ʪʦʯʢʘ, ʢ ʢʦʪʦʨʦʡ ʩʭʦʜʷʪʩʷ ʚʩʝ ʧʫʪʠ. ʕʪʘ 

ʪʦʯʢʘ ʥʘʟʚʘʥʘ ʥʘʤʠ ʩʦʢʨʘʱʝʥʥʦ çʈʠʤè (çʚʩʝ ʜʦʨʦʛʠ ʚʝʜʫʪ ʚ ʈʠʤè) ʠ 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʠʤʚʦʣʦʤ R (ʚ ʧʨʠʤʝʨʝ R = 7). 

ʆʪʜʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮʳ 

ʫʤʥʦʞʝʥʠʷ (ʪʘʙʣʠʮʘ 5), ʝʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʝʝ ʦʪʜʝʣʴʥʦ, ʦʩʪʘʚʣʷʷ ʪʦʣʴʢʦ 

ʯʠʩʣʘ, ʘ ʟʘʪʝʤ ʧʨʦʚʝʨʠʪʴ ʵʪʠ ʩʪʨʦʢʠ ʯʠʩʝʣ ʥʘ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ 

ʢʦʥʝʯʥʦʡ ʛʨʫʧʧʝ ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ ʪʘʢ, ʪʘʢ, ʢʘʢ ʵʪʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʠʞʝ (ʪʘʙʣʠʮʘ 6). 

ʊʘʙʣʠʮʘ 6 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʯʠʩʣʦʚʳʭ ʜʘʥʥʳʭ ʠʟ ʪʘʙʣʠʮʳ 4 
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ʊʘʙʣʠʮʘ 7 

ʊʘʙʣʠʮʘ ʫʤʥʦʞʝʥʠʷ ʙʠʥʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩ ʨʠʤʩʢʦʡ ʪʦʯʢʦʡ 

R = 7 ʥʘ ʤʥʦʞʝʩʪʚʝ ʠʟ 8 ʪʦʯʝʢ 

g[0]=(0 1 2 3 4 5 6 7 ); g[0]   g[1]   g[2]   g[3]   g[4]   g[5]   g[6]   g[7]    

g[1]=(1 2 3 4 5 6 7 7 ); g[1]   g[2]   g[3]   g[4]   g[5]   g[6]   g[7]   g[7]    

g[2]=(2 3 4 5 6 7 7 7 ); g[2]   g[3]   g[4]   g[5]   g[6]   g[7]   g[7]   g[7]    

g[3]=(3 4 5 6 7 7 7 7 ); g[3]   g[4]   g[5]   g[6]   g[7]   g[7]   g[7]   g[7]    

g[4]=(4 5 6 7 7 7 7 7 ); g[4]   g[5]   g[6]   g[7]   g[7]   g[7]   g[7]   g[7]    

g[5]=(5 6 7 7 7 7 7 7 ); g[5]   g[6]   g[7]   g[7]   g[7]   g[7]   g[7]   g[7]    

g[6]=(6 7 7 7 7 7 7 7 ); g[6]   g[7]   g[7]   g[7]   g[7]   g[7]   g[7]   g[7]    

g[7]=(7 7 7 7 7 7 7 7); g[7]    g[7]   g[7]   g[7]   g[7]   g[7]   g[7]   g[7] ʈʀʄ 

 

ʄʥʦʞʝʩʪʚʦ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʪʘʢʦʡ ʪʘʙʣʠʮʳ, ʚ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʫʝʪ 

çʨʠʤʩʢʘʷè ʪʦʯʢʘ, ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ çʨʠʤʩʢʠʤ ʤʥʦʞʝʩʪʚʦʤè. 

ʊʘʢʘʷ ʪʦʯʢʘ ʩʫʱʝʩʪʚʫʝʪ, ʢʘʢ ʤʳ ʫʞʝ ʛʦʚʦʨʠʣʠ ʚʳʰʝ, ʠ ʚʦ 

ʤʥʦʞʝʩʪʚʝ (ʧʦ ʪʘʙʣʠʮʝ 4), ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 11 ʚ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ (g[3] = (16 16 é), ʪʦ ʝʩʪʴ ʢʦʛʜʘ R = 16). 

ʇʝʨʝʭʦʜ ʢ ʦʨʛʨʘʬʫ ʩ ʨʘʩʭʦʜʷʱʠʤʠʩʷ ʚʝʢʪʦʨʘʤʠ (çʚʩʝ ʜʦʨʦʛʠ 

ʚʳʭʦʜʷʪ ʠʟ ʈʠʤʘè, ʠ ʦʪ ʢʦʥʚʝʨʛʝʥʮʠʠ ʧʝʨʝʭʦʜʠʤ ʢ ʜʠʚʝʨʛʝʥʮʠʠ) 

ʬʦʨʤʘʣʴʥʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ çʦʙʨʘʪʥʳʤʠè ʦʧʝʨʘʮʠʷʤʠ g[i]-1, 

ʤʘʪʨʠʮʘ ʧʦʜʩʪʘʥʦʚʦʢ ʚ ʢʦʪʦʨʳʭ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ çʧʝʨʝʚʝʨʥʫʪʦʡè 

ʤʘʪʨʠʮʳ: ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʩʪʨʦʢʘ ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ.  

ɺʠʟʫʘʣʠʟʘʮʠʷ ʦʧʝʨʘʮʠʡ, çʦʙʨʘʪʥʳʭè ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ, ʠʟ ʪʘʙʣʠʮʳ 6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 15. 

 

 
 

ʈʠʩ. 15. ɺʠʟʫʘʣʠʟʘʮʠʷ ʦʧʝʨʘʮʠʡ g[0]-1- g[7] -1 ʩ ʜʠʚʝʨʛʝʥʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʨʘʩʭʦʜʠʤʦʩʪʠ ʦʨʛʨʘʬʦʚ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ G 

 
ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ (ʚ ʦʧʝʨʘʮʠʠ g[1]-1) (ʥʘ ʨʠʩ. 13) 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʦʯʝʢ ʩʚʷʟʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʚʦʟʥʠʢʘʝʪ ʧʦʜʦʙʠʝ 
çʵʚʦʣʶʮʠʦʥʥʦʡ ʩʧʠʨʘʣʠè. ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʛʨʫʧʧʝ ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ 
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ʨʝʘʛʠʨʫʝʪ ʣʶʙʘʷ ʩʠʩʪʝʤʘ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʥʘ 
ʩʠʩʪʝʤʫ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʧʨʠʥʘʜʣʝʞʠʪ ʛʨʫʧʧʝ ʩʠʤʤʝʪʨʠʠ, 
ʜʝʡʩʪʚʫʶʪ ʜʨʫʛʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʵʪʦʡ ʛʨʫʧʧʳ, ʩʦʭʨʘʥʷʶʱʠʝ 
ʩʠʤʤʝʪʨʠʶ, ʪʦ ʩʠʤʤʝʪʨʠʷ ʥʝ ʤʝʥʷʝʪʩʷ. ʅʦ ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʚʦʟʜʝʡʩʪʚʠʷ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʩʠʤʤʝʪʨʠʠ ʩʠʩʪʝʤʳ, 
ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʤʤʝʪʨʠʷ ʩʠʩʪʝʤʳ ʠʟʤʝʥʠʪʩʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʤʳ 
ʚʠʜʝʣʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ (ʨʠʩʫʥʦʢ 12), ʩʬʝʨʠʯʝʩʢʘʷ ʩʠʤʤʝʪʨʠʷ çʢʘʧʣʠè 
ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʩʠʤʤʝʪʨʠʠ ʧʣʝʥʢʠ ʚʦʜʳ ʚ ʯʘʰʢʝ, ʚʦʟʥʠʢʘʝʪ çʧʨʦʮʝʩʩè 
ʩ ʥʘʨʫʰʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʦʟʥʠʢʘʝʪ ʚʦʣʥʘ. ɺ ʵʪʦʤ ʠ 
ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʷʭ çʨʘʙʦʪʘʝʪè ʧʨʠʥʮʠʧ ʥʘʨʫʰʝʥʠʷ ʩʠʤʤʝʪʨʠʠ 
ʇ. ʂʶʨʠ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʘʢʮʠʷ ʩʠʩʪʝʤʳ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʜʨʫʛʠʤ ʧʨʠʥʮʠʧʦʤ (ʃʝ ʐʘʪʝʣʴʝ): çʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʠʩʪʝʤʫ ʧʨʠʚʦʜʠʪ ʢ 
ʪʘʢʠʤ ʧʨʦʮʝʩʩʘʤ ʚ ʩʠʩʪʝʤʝ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʧʨʦʪʠʚ ʵʪʦʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷè. ʆʙʨʘʟʥʦ ʛʦʚʦʨʷ, ʩʠʩʪʝʤʘ ʩʪʨʝʤʠʪʩʷ ʢ ʩʦʭʨʘʥʝʥʠʶ 
ʩʠʤʤʝʪʨʠʠ. ʇʨʠʥʮʠʧ ʩʦʭʨʘʥʝʥʠʷ ʩʠʤʤʝʪʨʠʠ ʧʨʠʤʝʥʠʤ ʢ ʨʘʚʥʦʚʝʩʠʶ 
ʣʶʙʦʡ ʧʨʠʨʦʜʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʟ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ 
ʧʦʧʳʪʢʘʭ çʚʚʝʜʝʥʠʷè ʤʘʛʥʠʪʘ ʚ ʢʘʪʫʰʢʫ ʩ ʟʘʤʢʥʫʪʳʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ 
ʚ ʢʘʪʫʰʢʝ ʚʦʟʥʠʢʘʝʪ ʠʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ, ʩʦʙʩʪʚʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 
ʢʦʪʦʨʦʛʦ ʥʘʧʨʘʚʣʝʥʦ ʧʨʦʪʠʚ ʚʚʦʜʠʤʦʛʦ ʚ ʢʘʪʫʰʢʫ ʤʘʛʥʠʪʘ. ʉʠʩʪʝʤʘ 
ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʥʝʰʥʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ, ʯʪʦ ʚʩʝ ʟʘʢʦʥʳ 
çʩʦʭʨʘʥʝʥʠʷè ʩʚʷʟʘʥʳ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʪʝʦʨʝʤʘ ʕ. 
ʅʸʪʪʝʨ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʧʨʠ 
ʘʥʘʣʠʟʝ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ: 1) ʧʨʠʥʮʠʧ ʃʝ ʐʘʪʝʣʴʝ (ʧʨʠʥʮʠʧ 
çʩʦʭʨʘʥʝʥʠʷè ʩʠʤʤʝʪʨʠʠ); 2) ʧʨʠʥʮʠʧ ʇ. ʂʶʨʠ (ʧʨʠʥʮʠʧ ʥʘʨʫʰʝʥʠʷ 
ʩʠʤʤʝʪʨʠʠ). ɺ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʩʠʤʤʝʪʨʠʷ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴʩʷ, ʥʦ 
ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠ ʵʪʦʤ ʟʘʤʢʥʫʪʦʡ (ʦʪʩʫʪʩʪʚʫʶʪ çʩʪʝʧʝʥʠ 
ʩʚʦʙʦʜʳè ʚ ʜʚʠʞʝʥʠʠ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 
ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ 
ʥʘʣʠʯʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ (ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ) ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʦʟʤʦʞʥʦʩʪʝʡ 
ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ʄʦʞʝʪ 
ʚʦʟʥʠʢʘʪʴ ʨʝʘʣʴʥʦ ʪʦʣʴʢʦ ʪʦ, ʯʪʦ çʚʦʟʤʦʞʥʦè.  

ʅʠʞʝ ʨʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʥʘ ʨʘʩʯʝʪ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ 
ʩʠʤʤʝʪʨʠʠ ʠ ʛʨʫʧʧ ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ, ʥʘʯʠʥʘʷ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 
ʩʪʨʫʢʪʫʨ. 

ʇʨʠʤʝʨ 1. ʂʦʥʝʯʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ. ɻʨʫʧʧʘ ɻʘʣʫʘ ʢʦʨʥʝʡ 
ʤʥʦʛʦʯʣʝʥʘ 4-ʡ ʩʪʝʧʝʥʠ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʟ çʚʫʟʦʚʩʢʦʛʦè ʢʫʨʩʘ ʘʣʛʝʙʨʳ, ʫʨʘʚʥʝʥʠʝ n-ʡ 
ʩʪʝʧʝʥʠ ʠʤʝʝʪ n ʢʦʨʥʝʡ. ʀʟʤʝʥʝʥʠʝ ʚʠʜʘ ʫʨʘʚʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʚʳʙʦʨʘ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʥʝ ʤʝʥʷʝʪ ʨʝʰʝʥʠʡ (ʢʦʨʥʝʡ) 
ʫʨʘʚʥʝʥʠʷ, ʘ ʪʦʣʴʢʦ ʧʨʦʠʟʚʦʜʠʪ ʠʭ çʧʝʨʝʩʪʘʥʦʚʢʫè, ʧʨʠʥʘʜʣʝʞʘʱʫʶ 
ʩʠʤʤʝʪʨʠʠ ʛʨʫʧʧʳ ɻʘʣʫʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʥʦʛʦʯʣʝʥ ʚ ʫʨʘʚʥʝʥʠʠ 
P(x) = x4 + x3 + x2 + x +1 = 0 ʠʤʝʝʪ 4 ʢʦʨʥʷ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʠʜʘ y = xn 
ʢʦʨʥʝʡ ʫʨʘʚʥʝʥʠʷ ʠʥʜʫʮʠʨʫʶʪ ʢʦʥʝʯʥʫʶ ʛʨʫʧʧʫ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʩ 
ʵʣʝʤʝʥʪʘʤʠ: (1243), (1342), (14)(23) ʠ 1 = (1234), ʟʘʧʠʩʘʥʥʳʤʠ ʚ 
ʧʦʜʮʠʢʣʘʭ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʟʘʧʠʩʴ (1243) ʦʟʥʘʯʘʝʪ, ʯʪʦ 1Ÿ2Ÿ4Ÿ3Ÿ1. 
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ɻʨʫʧʧʘ ʣʝʛʢʦ çʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷè ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ ʢ ʟʘʧʠʩʠ ʚ 
ʧʦʜʩʪʘʥʦʚʢʘʭ (ʧʦ ʥʠʞʥʝʡ ʩʪʨʦʢʝ ʜʚʫʩʪʨʦʯʥʦʡ ʤʘʪʨʠʮʳ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ) ʩ ʧʝʨʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (1243) = g[1] = (1302), 
ʚʳʙʨʘʥʥʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʘ ʚʳʯʠʩʣʝʥʠʡ ʠ ʨʘʩʯʝʪʘ ʪʘʙʣʠʮʳ ʂʵʣʠ, 
ʠʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ MATRIX [8]. ʈʘʩʯʝʪ ʧʦ ʵʪʦʡ ʧʨʦʛʨʘʤʤʝ ʚʩʝʛʜʘ 
ʥʘʯʠʥʘʝʪʩʷ ʩ ʯʠʩʣʘ ç0è. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 8.  

ʊʘʙʣʠʮʘ 8 

ʊʘʙʣʠʮʘ ʂʵʣʠ ʢʦʥʝʯʥʦʡ ʛʨʫʧʧʳ ɻʘʣʫʘ ʜʣʷ ʢʦʨʥʝʡ ʫʨʘʚʥʝʥʠʷ P(x) = 0 

                         g[0]=(0123);   g[0]  g[1]  g[2]  g[3]       (1234) = 1 

                         g[1]=(1302);   g[1]  g[2]  g[3]  g[0]       (1243) 

                         g[2]=(3210);   g[2]  g[3]  g[0]  g[1]       (14)(23) 

                         g[3]=(2031);   g[3]  g[0]  g[1]  g[2]       (1342) 

 

ʇʨʘʚʘʷ ʢʦʣʦʥʢʘ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ (ʚ ʧʦʜʮʠʢʣʘʭ) ʜʦʙʘʚʣʝʥʘ ʜʣʷ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʠʟ ʢʫʨʩʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʘʣʛʝʙʨʳ) 

ʩ ʪʘʙʣʠʮʝʡ ʨʘʩʯʝʪʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʧʦ ʧʨʦʛʨʘʤʤʝ MATRIX. ʅʘ ʨʠʩʫʥʢʝ 

16 ʧʨʝʜʩʪʘʚʣʝʥʘ çʚʠʟʫʘʣʠʟʘʮʠʷè ʵʣʝʤʝʥʪʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʟ 

ʪʘʙʣʠʮʳ 1 ʥʘ ʧʣʦʩʢʦʩʪʠ. 

 

 
ʈʠʩ. 16. çɺʠʟʫʘʣʠʟʘʮʠʷè ʩʪʨʫʢʪʫʨ ʦʨʛʨʘʬʦʚ 

ʢʦʥʝʯʥʦʡ ʛʨʫʧʧʳ ɻʘʣʫʘ (ʪʘʙʣʠʮʘ 1) ʜʣʷ ʢʦʨʥʝʡ ʤʥʦʛʦʯʣʝʥʘ 

ʚ ʫʨʘʚʥʝʥʠʠ P(x) = x4 + x3+ x2 + x +1 = 0 

 

ɸʥʘʣʠʟ ʪʘʙʣʠʮʳ ʫʤʥʦʞʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

ʨʘʩʩʯʠʪʘʥʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ ʷʚʣʷʝʪʩʷ ʮʠʢʣʠʯʝʩʢʦʡ ʩ ʦʙʨʘʟʫʶʱʠʤ 

ʵʣʝʤʝʥʪʦʤ g[1] = (1302). 

ʇʨʠʤʝʨ 2. ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʠ ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ 

ʘʨʠʬʤʝʪʠʢʠ ZN. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʣʶʙʘʷ ʢʦʥʝʯʥʘʷ ʘʨʠʬʤʝʪʠʢʘ ZN ʩ ʯʠʩʣʘʤʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʧʦ mod N, ʤʦʞʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʢ ʤʥʦʞʝʩʪʚʫ ʩ N, 

ʠʤʝʶʱʠʤ ʜʝʣʠʪʝʣʠ, ʠ ʤʥʦʞʝʩʪʚʫ (ʧʦ mod p) ʩ N, ʥʝ ʠʤʝʶʱʠʤ 

ʜʝʣʠʪʝʣʝʡ, ʠ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʧʨʦʩʪʳʤ ʯʠʩʣʘʤ (N = p) [9]. ʊʦʛʜʘ ʠʤʝʝʤ 

ʜʚʘ ʚʘʨʠʘʥʪʘ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʠʤʤʝʪʨʠʠ. ʈʘʩʩʤʦʪʨʠʤ ʠʭ ʥʘ 

ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʘʭ.   

ɺʘʨʠʘʥʪ (1). ɸʨʠʬʤʝʪʠʢʘ ʠ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ Z7. 

ʆʧʝʨʘʮʠʷ g[0] = (0123456) ï ʪʦʞʜʝʩʪʚʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʠʣʠ 

çʝʜʠʥʠʮʘè ʛʨʫʧʧʳ, ʢʦʪʦʨʘʷ ʚ ʨʘʩʯʝʪʘʭ ʧʦʯʪʠ ʥʠʢʦʛʜʘ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 
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ʠ ʚ ʧʨʦʛʨʘʤʤʝ MATRIX  ʜʦʙʘʚʣʷʝʪʩʷ ʥʘ ʩʪʘʜʠʠ ʧʦʩʪʨʦʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʯʝʪʘ ʣʶʙʦʡ ʪʘʙʣʠʮʳ ʫʤʥʦʞʝʥʠʷ, ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 9.  

ʊʘʙʣʠʮʘ 9 

ɸʨʠʬʤʝʪʠʢʘ Z7: ʫʤʥʦʞʝʥʠʝ ʯʠʩʝʣ ʠ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ 

 
 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 17. 

 

 
 

ʈʠʩ. 17. ʆʨʛʨʘʬʳ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ Z7 ʩ çʝʜʠʥʠʮʝʡè ʛʨʫʧʧʳ g[0] 

ʠ çʥʫʣʝʤè g[6]  
 

ʉʪʨʫʢʪʫʨʘ G ʥʘ ʨʠʩʫʥʢʝ 17 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʙʨʘʥʥʦʝ ʥʘ 

ʧʣʦʩʢʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʦ çʚʦʟʤʦʞʥʦʩʪʝʡè ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 

ʘʨʠʬʤʝʪʠʢʠ Z7.  

ɺʘʨʠʘʥʪ (2). ɸʨʠʬʤʝʪʠʢʘ ʠ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ Z6. 
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ʊʘʙʣʠʮʘ 10 

ɸʈʀʌʄɽʊʀʂɸ Z6 

ʋʤʥʦʞʝʥʠʝ ʯʠʩʝʣ          ɻʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ 

 
 

ʂʘʢ ʠ ʚ ʧʨʠʤʝʨʝ (1), ʧʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʪʘʙʣʠʮʳ ʫʤʥʦʞʝʥʠʷ Z6 

ʯʠʩʝʣ (ʧʦ mod 6). ʊʘʙʣʠʮʘ ʫʤʥʦʞʝʥʠʷ (ʪʘʙʣʠʮʘ 10) ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʩʝ ʯʠʩʣʘ ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʠ ʢʘʞʜʦʤ ʩʪʦʣʙʮʝ ʥʝ 

ʷʚʣʷʶʪʩʷ ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘ ʵʪʦʪ ʨʘʟ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʥʝʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʘʙʣʠʮʳ ʫʤʥʦʞʝʥʠʷ ʢ çʪʘʙʣʠʮʝ ʂʵʣʠè ʛʨʫʧʧ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʛʨʫʧʧʦʡ 

ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ. ʇʨʠʨʦʜʘ ʵʪʦʛʦ ʥʘʨʫʰʝʥʠʷ, ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʘ 

ʩ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʫ ʯʠʩʣʘ N 6 ʜʝʣʠʪʝʣʝʡ. ɺʳʙʨʘʚ ʚ ʢʘʯʝʩʪʚʝ 

ʦʙʨʘʟʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʛʨʫʧʧʳ ʙʠʥʘʨʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʚʪʦʨʫʶ 

ʩʪʨʦʯʢʫ ʪʘʙʣʠʮʳ, ʪʦ ʝʩʪʴ ʦʧʝʨʘʮʠʶ g[1] = (024024), ʨʘʩʩʯʠʪʘʝʤ ʛʨʫʧʧʫ 

ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ ʧʦ ʧʨʦʛʨʘʤʤʝ MATRIX  ʠ ʫʙʝʜʠʤʩʷ ʚ 

ʠʜʝʥʪʠʯʥʦʩʪʠ ʜʘʥʥʳʭ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʪʘʙʣʠʮʘʭ 

(ʪʘʙʣʠʮʘ 5). 

 

 
 

 

ʈʠʩ. 18. ʉʪʨʫʢʪʫʨʳ ʦʨʛʨʘʬʦʚ ɻʅʉ ʘʨʠʬʤʝʪʠʢʠ Z6. 
ɺ ʦʩʥʦʚʝ çʚʠʟʫʘʣʠʟʘʮʠʠè ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚʳʙʨʘʥʦ ʜʚʫʤʝʨʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ çʚʦʟʤʦʞʥʦʩʪʝʡè G 
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ɺʠʟʫʘʣʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʘʨʠʬʤʝʪʠʢʠ Z6 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 18. ɼʚʫʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ çʚʦʟʤʦʞʥʦʩʪʝʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠè, ʢʘʢ ʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ (ʩʪʨʫʢʪʫʨʘ G ʥʘ ʨʠʩʫʥʢʝ 17), 

ʚʳʙʨʘʥʦ ʜʣʷ ʫʜʦʙʩʪʚʘ ʘʥʘʣʠʟʘ ʦʪʜʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ɻʅʉ ʠ ʠʭ 

ʩʨʘʚʥʝʥʠʷ. ɺ ʧʨʠʥʮʠʧʝ, ʤʦʞʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʦʜʥʦʤʝʨʥʦʝ 

(ʣʠʥʝʡʥʦʝ) ʧʨʦʩʪʨʘʥʩʪʚʦ, ʠ ʢʦʥʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʠ ʜʨ. 

ɺʘʞʥʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʩʪʝʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʦʙʣʝʤʝ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ çʧʨʦʩʪʨʘʥʩʪʚʘ ʚʦʟʤʦʞʥʦʩʪʝʡè, ʯʪʦ ʯʘʩʪʦ 

ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʠʟʫʘʣʠʟʘʮʠʷ 

ʧʝʨʝʩʪʘʥʦʚʦʢ ʚ ʛʨʫʧʧʝ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʝʨʝʩʪʘʥʦʚʦʢ ʵʣʝʤʝʥʪʦʚ (ʯʠʩʝʣ), 

ʙʳʣʘ ʥʘʯʘʪʘ ʝʱʝ ʚ ʨʘʙʦʪʘʭ ʂʵʣʠ. ʊʠʧʠʯʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʜʠʘʛʨʘʤʤʦʡ 

çʩʚʷʟʝʡè ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʤʥʦʞʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚʦ ʚʩʝʭ ʫʯʝʙʥʠʢʘʭ ʛʨʘʬ ʂʵʣʠ ʩʠʤʤʝʪʨʠʯʝʩʢʦʡ ʛʨʫʧʧʳ 

S4 (ʨʠʩʫʥʦʢ 19), ʪʘʙʣʠʮʘ ʫʤʥʦʞʝʥʠʷ ʂʵʣʠ ʢʦʪʦʨʦʡ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʚ 

ʧʨʦʛʨʘʤʤʝ MATRIX  [3], ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ (ʪʘʙʣʠʮʘ 11), ʘ ʥʘʯʘʣʦ 

ʨʘʩʯʝʪʦʚ ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʫʣʷ. 

 

 
 

ʈʠʩ. 19. ɻʨʘʬ ʂʵʣʠ ʩʠʤʤʝʪʨʠʯʝʩʢʦʡ ʛʨʫʧʧʳ S4 

 

 

ɼʠʘʛʨʘʤʤʘ (ʨʠʩ. 19, ʘ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝ ʵʣʝʢʪʨʦʥʥʦʤʫ ʚʘʨʠʘʥʪʫ 

ʧʝʨʝʙʦʨʘ ʚʩʝʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʚ ʛʨʫʧʧʝ. ɺʘʨʠʘʥʪ (ʨʠʩ. 19, ʙ) ʧʦʣʥʦʩʪʴʶ 

ʧʦʚʪʦʨʷʝʪ ʩʪʨʫʢʪʫʨʫ ʛʨʘʬʘ ʂʵʣʠ, ʥʦ ʨʘʩʯʝʪ ʯʠʩʝʣ ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʫʣʷ, 

ʢʘʢ ʵʪʦʛʦ ʪʨʝʙʫʝʪ ʨʘʩʯʝʪ ʧʦ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʝ. 
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1.5. ʉʠʤʤʝʪʨʠʷ ʠ ʝʝ ʥʘʨʫʰʝʥʠʝ ʚ ʧʦʣʫʛʨʫʧʧʝ 

 

ɽʩʣʠ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʢʘʢʘʷ-ʣʠʙʦ ʦʜʥʘ ʠʟ ʦʙʷʟʘʪʝʣʴʥʳʭ ʘʢʩʠʦʤ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʜʣʷ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ, ʪʦ 

ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ ʥʘʨʫʰʘʝʪʩʷ ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʘʢʫʶ-ʣʠʙʦ ʠʥʫʶ 

ʘʣʛʝʙʨʘʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʅʘʧʨʠʤʝʨ, ʦʪʢʘʟ ʦʪ ʦʙʷʟʘʪʝʣʴʥʦʩʪʠ ʠʤʝʪʴ 

çʦʙʨʘʪʥʳʡ ʵʣʝʤʝʥʪè (ʩʤ. ʩʚʦʡʩʪʚʦ ç3è ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʛʨʫʧʧʝ) 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨʳ ʤʥʦʞʝʩʪʚʘ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ 

çʧʦʣʫʛʨʫʧʧʦʡè. ʇʨʠʚʝʜʝʥʥʳʡ ʥʠʞʝ ʧʝʨʝʯʝʥʴ ʜʚʫʩʪʨʦʯʥʳʭ ʤʘʪʨʠʮ 

ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤ ʧʨʠʤʝʨʦʤ çʧʦʣʫʛʨʫʧʧʳè ʥʘ 

ʤʥʦʞʝʩʪʚʝ ʠʟ ʪʨʝʭ ʪʦʯʝʢ.  

 

ʇʆʃʋɻʈʋʇʇɸ $3:  

g[0] = (0 1 2); g[1] = (0 1 0); g[2] = (1 2 0); g[3] = (1 2 1); g[4] = (1 0 0); 

g[5] = (1 0 1); g[6] = (2 0 1); g[7] = (2 0 2); g[8] = (2 1 1); g[9] = (2 1 2); 

g[10] = (0 0 1); g[11] = (0 0 0); g[12] = (0 1 1); g[13] = (0 2 2); 

g[14] = (0 2 0); g[15] = (1 1 2); g[16] = (1 1 1); g[17] = (1 2 2); 

g[18] = (1 1 0); g[19] = (2 2 0); g[20] = (2 2 2); g[21] = (2 0 0); 

g[22] = (2 2 1); g[23] = (0 0 2); g[24] = (1 0 2); g[25] = (0 2 1); 

g[26] = (2 1 0).  

 

ʂʘʞʜʫʶ ʤʘʪʨʠʮʫ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʢʘʢ ʜʚʫʩʪʨʦʯʥʫʶ ʧʦ ʘʥʘʣʦʛʠʠ 

ʩ ʤʘʪʨʠʮʘʤʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʛʨʫʧʧʝ ʩʠʤʤʝʪʨʠʠ, ʧʦʵʪʦʤʫ ʚʩʷʢʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʦʞʥʦ çʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴè, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʥʦʞʝʩʪʚʘ ʚʝʨʰʠʥ ʧʨʘʚʠʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʥʘ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʠʩʫʥʢʘ, ʘ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 

ʠʟʦʙʨʘʞʘʪʴ çʩʪʨʝʣʢʦʡè ʠʣʠ ʥʘʧʨʘʚʣʝʥʥʦʡ çʜʫʛʦʡè.  

ɺʦʦʙʱʝ ʛʦʚʦʨʷ, ʚʦʟʤʦʞʝʥ ʚʳʙʦʨ ʜʨʫʛʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʤʘʪʨʠʮ: ʥʘ ʣʠʥʠʠ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʮʠʣʠʥʜʨʘ ʠ ʪ. ʧ. ɺʳʙʠʨʘʝʤʦʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʞʥʦ 

ʥʘʟʚʘʪʴ çʧʨʦʩʪʨʘʥʩʪʚʦʤ ʩʦʩʪʦʷʥʠʡè, ʝʩʣʠ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʵʪʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʝʨʝʤʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʟʘʜʘʯʝ, ʠʣʠ çʧʨʦʩʪʨʘʥʩʪʚʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡè, ʝʩʣʠ ʠʜʝʪ 

ʧʨʦʮʝʩʩ. ʅʠʞʝ (ʨʠʩʫʥʦʢ 20) ʧʨʝʜʩʪʘʚʠʤ ʚʠʟʫʘʣʠʟʘʮʠʶ ʩʪʨʫʢʪʫʨ ʚʩʝʭ 

27 ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʛʨʫʧʧʳ ʥʘ ʧʣʦʩʢʦʩʪʠ.  

ʊʘʙʣʠʮʘ ʫʤʥʦʞʝʥʠʷ ʙʠʥʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʧʦʣʫʛʨʫʧʧʝ $3 

ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ ʚ ʪʘʙʣʠʮʝ 12, ʘ ʨʠʩʫʥʦʢ 20 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ 

çʚʠʟʫʘʣʠʟʠʨʫʝʪè ʢʘʞʜʦʝ ʠʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʥʘ ʧʣʦʩʢʦʩʪʠ.  
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ʈʠʩ. 20. ɺʠʟʫʘʣʠʟʘʮʠʷ ʚʩʝʭ ʩʪʨʫʢʪʫʨ ʧʦʣʫʛʨʫʧʧʳ ʤʘʪʨʠʮ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ çʪʨʝʫʛʦʣʴʥʠʢʘè (ʧʨʦʜʦʣʞʝʥʠʝ ʥʘ ʩʣʝʜʫʶʱʝʡ 

ʩʪʨʘʥʠʮʝ)  
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ʈʠʩ. 20. ɺʠʟʫʘʣʠʟʘʮʠʷ ʚʩʝʭ ʩʪʨʫʢʪʫʨ ʧʦʣʫʛʨʫʧʧʳ ʤʘʪʨʠʮ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ çʪʨʝʫʛʦʣʴʥʠʢʘè (ʦʢʦʥʯʘʥʠʝ) 

 

ʉʨʝʜʠ ʵʪʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʪʨʫʢʪʫʨ ʙʣʘʛʦʜʘʨʷ çʚʠʟʫʘʣʠʟʘʮʠʠè 

ʫʜʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʪʦʣʴʢʦ ʪʝ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʝʥʳ ʛʨʫʧʧʦʡ ʩʠʤʤʝʪʨʠʠ 

ʧʨʘʚʠʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ g[0], g[2] ʠ g[6] 

ʦʧʨʝʜʝʣʷʶʪ ʧʦʚʦʨʦʪʥʫʶ ʩʠʤʤʝʪʨʠʶ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

g[25], g[24] ʠ g[26] ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʣʦʩʢʦʩʪʠ ʟʝʨʢʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ, 

ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʚʝʨʰʠʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʈʘʩʯʝʪ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 
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ʪʨʝʫʛʦʣʴʥʠʢʘ ʧʦ ʧʨʦʛʨʘʤʤʝ MATRIX, ʧʨʦʚʝʜʝʥʥʳʡ ʦʪʜʝʣʴʥʦ ʦʪ ʜʨʫʛʠʭ 

ʨʘʩʯʝʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 13. 

ʊʘʙʣʠʮʘ 13 

ʊʘʙʣʠʮʘ ʂʵʣʠ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʧʨʘʚʠʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ 

g[0]=(0 1 2); g[0]  g[1] g[2] g[3] g[4] g[5]    ʇʦʚʦʨʦʪ (ʥʘ 360Á) 

g[1]=(0 2 1); g[1]  g[0] g[3] g[2] g[5] g[4]    ʇʣʦʩʢʦʩʪʴ m1 

g[2]=(1 0 2); g[2]  g[4] g[0] g[5] g[1] g[3]    ʇʣʦʩʢʦʩʪʴ m2 

g[3]=(1 2 0); g[3]  g[5] g[1] g[4] g[0] g[2]    ʇʦʚʦʨʦʪ (ʥʘ120Á)   

g[4]=(2 0 1); g[4]  g[2] g[5] g[0] g[3] g[1]    ʇʦʚʦʨʦʪ (ʥʘ 240Á)   

g[5]=(2 1 0); g[5]  g[3] g[4] g[1] g[2] g[0]    ʇʣʦʩʢʦʩʪʴ m3 

 

 

 
 

ʈʠʩ. 21. ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʛʨʫʧʧʝ ʩʠʤʤʝʪʨʠʠ 

ʧʨʘʚʠʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ 

 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʧʦʩʣʝ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʪʘʢʞʝ ʤʦʛʫʪ ʜʝʣʠʪʴʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʧʦʜʤʥʦʞʝʩʪʚʘ ʦʧʝʨʘʮʠʡ g[i], 

ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ $ (ʨʠʩʫʥʦʢ 

22). ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʚʝʨʥʫʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ 

ʜʨʫʛʘ ʠʣʠ ʠʤʝʪʴ çʟʝʨʢʘʣʴʥʦʝè ʦʪʨʘʞʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʠ 

ʠʟʤʝʥʠʣʦʩʴ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ. ʇʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨ ʵʪʦʪ 

ʬʘʢʪ ʠʟʦʙʨʘʞʘʝʪʩʷ ʣʠʙʦ ʚʳʧʫʢʣʦʡ, ʣʠʙʦ ʚʦʛʥʫʪʦʡ ʜʫʛʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʦʜʠʥʘʢʦʚʳʤʠ ʥʦʤʝʨʘʤʠ ʪʦʯʝʢ ʦʨʛʨʘʬʘ. 
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ʈʠʩ. 22. ʅʘʙʦʨ ʦʜʠʥʘʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ɻʅʉ ʚ ʧʦʣʫʛʨʫʧʧʝ 

 

ʉʣʝʜʫʝʪ ʩʨʘʟʫ ʦʪʤʝʪʠʪʴ (ʧʦ ʨʠʩʫʥʢʘʤ 21 ʠ 22), ʯʪʦ ʢʘʢ 

ʩʠʤʤʝʪʨʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʪʘʢ ʠ ʩʪʨʫʢʪʫʨʳ ʩ ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ 

ʠʤʝʶʪ çʚʥʫʪʨʝʥʥʝʝè ʝʜʠʥʩʪʚʦ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ çʩʢʨʳʪʦʡè 

ʩʠʤʤʝʪʨʠʝʡ. ʊʘʢ, ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʪʦʯʝʢ ʠ ʦʧʝʨʘʮʠʡ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨ 

ɻʅʉ-ʩʪʨʫʢʪʫʨ $g[i] (ʨʠʩ. 10) ʧʦʣʫʯʘʝʤ ʩʪʨʫʢʪʫʨʫ ʠʟ ʧʝʨʝʯʥʷ 

ʩʠʤʤʝʪʨʠʯʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 9. ʊʘʢ, ʦʙʲʝʜʠʥʝʥʠʝ ʩʪʨʫʢʪʫʨ 

$g[1] ְ $g[9] ɭ $g[26] ʠʣʠ, ʫʧʨʦʱʘʷ ʵʪʫ ʟʘʧʠʩʴ, ʠʤʝʝʤ: 

g[1] + g[9] = g[26]. ɸʥʘʣʦʛʠʯʥʦ g[15] + g[23] = g[24] ʠ 

g[12] + g[13] = g[25].  

ʅʘʢʦʥʝʮ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʠʤ ʜʚʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ʦʜʠʥʘʢʦʚʳʭ ʩʪʨʫʢʪʫʨ: ʚ ʦʜʥʦʤʝʨʥʦʤ ʣʠʥʝʡʥʦʤ (ʨʠʩʫʥʦʢ 23, ʘ) 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʜʚʫʤʝʨʥʦʤ, ʥʘ ʧʣʦʩʢʦʩʪʠ (ʨʠʩʫʥʦʢ 23, ʙ). 
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ʈʠʩ. 23. ɼʚʝ ʩʪʨʫʢʪʫʨʳ ʠʟ ʦʙʱʝʛʦ ʩʧʠʩʢʘ (ʨʠʩ. 15) ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ: ʘ ï ʦʜʥʦʤʝʨʥʦʤ; ʙ ï ʜʚʫʤʝʨʥʦʤ 

 

 

ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʴ ʜʚʫʤʝʨʥʦʛʦ ʚʘʨʠʘʥʪʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ʪʨʝʫʛʦʣʴʥʠʢʘ ʧʦʯʪʠ ʦʯʝʚʠʜʥʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʫʜʦʙʩʪʚʘ ʚʦʩʧʨʠʷʪʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʚʳʙʦʨ ʧʨʦʩʪʨʘʥʩʪʚʘ çʚʦʟʤʦʞʥʦʩʪʝʡè ʚ ʢʘʞʜʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʦʤʧʴʶʪʝʨʥʦʤ, ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʚʘʞʥʳʤ.  

ʂʦʥʝʯʥʘʷ ʩʠʤʤʝʪʨʠʯʝʩʢʘʷ ʛʨʫʧʧʘ, ʥʘʟʳʚʘʝʤʘʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʣʠʪʝʨʘʪʫʨʳ ʛʨʫʧʧʦʡ ʧʝʨʝʩʪʘʥʦʚʦʢ, ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʨʷʜʫ ʟʘʜʘʯ 

(ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʨʘʟʣʠʯʥʳʝ ʧʦʜʤʥʦʞʝʩʪʚʘ ʤʥʦʞʝʩʪʚʘ ʧʝʨʝʩʪʘʥʦʚʦʢ 

ʦʙʨʘʟʫʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ) ʤʦʞʝʪ ʙʳʪʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ 

ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ PQ-ʜʝʨʝʚʘ.  
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ʇʦʜ PQ-ʜʝʨʝʚʦʤ ʧʦʥʠʤʘʶʪ ʛʨʘʬ ʩ ʨʘʟʣʠʯʥʦʡ çʥʘʛʨʫʟʢʦʡè 

ʚʝʨʰʠʥ, ʚ ʢʦʪʦʨʦʤ ʚʳʜʝʣʷʶʪ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʪʨʠ ʪʠʧʘ: Q-ʚʝʨʰʠʥʳ, 

ʠʤʝʶʱʠʝ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʧʦʪʦʤʢʦʚ; ὖ-ʚʝʨʰʠʥʳ, ʠʤʝʶʱʠʝ ʥʝ ʤʝʥʝʝ ʜʚʫʭ 

ʧʦʪʦʤʢʦʚ; ʥʝ ʠʤʝʶʱʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʝʩʪʘʚʣʷʝʤʳʤ ʵʣʝʤʝʥʪʘʤ (ʨʠʩʫʥʦʢ 24). 

 

 
 

ʈʠʩ. 24. ʇʨʠʤʝʨ PQ-ʜʝʨʝʚʘ, ʚ ʢʦʪʦʨʦʤ P-ʚʝʨʰʠʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʚʝʨʰʠʥʳ 2, 3 ʠ 4 (ʠʩʧʦʣʴʟʫʶʪ ʦʙʦʟʥʘʯʝʥʠʝ [1(2 3 4)5]) 

 

 

ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ PQ-ʜʝʨʝʚʘ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʠʚʥʳʤ ʜʣʷ ʩʠʩʪʝʤ, ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʣʝʤʝʥʪʘʭ ʢʦʪʦʨʳʭ 

ʩʪʘʥʦʚʠʪʩʷ ʠʟʚʝʩʪʥʦʡ ʧʦʩʪʝʧʝʥʥʦ (ʩʫʱʝʩʪʚʫʝʪ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʘʷ 

ʩʚʷʟʴ ʤʝʞʜʫ ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ). ɺ ʯʘʩʪʥʦʩʪʠ, PQ-ʜʝʨʝʚʴʷ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʘʣʛʦʨʠʪʤʘʭ ʪʝʩʪʠʨʦʚʘʥʠʷ ʛʨʘʬʦʚ ʥʘ ʧʣʘʥʘʨʥʦʩʪʴ (ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʪʴ 

ʠʟʦʙʨʘʞʝʥʥʳʤ ʥʘ ʧʣʦʩʢʦʩʪʠ ʠ ʥʝ ʠʤʝʪʴ ʧʝʨʝʩʝʯʝʥʠʡ ʨʝʙʝʨ). 

ʇʨʦʛʨʘʤʤʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ MATRIX  ʧʦʟʚʦʣʷʶʪ ʥʘʭʦʜʠʪʴ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʪʦʣʴʢʦ ʪʘʢʠʭ ʧʦʜʩʪʘʥʦʚʦʢ, ʚ ʦʨʛʨʘʬʘʭ ʢʦʪʦʨʳʭ ʠʟ ʢʘʞʜʦʡ 

ʚʝʨʰʠʥʳ ʚʳʭʦʜʠʪ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʨʝʙʨʘ, ʘ ʚʭʦʜʷʱʠʭ ʨʝʙʝʨ ʚ ʜʘʥʥʫʶ 



44 

 

ʚʝʨʰʠʥʫ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ ʢʘʪʝʛʦʨʠʡ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʛʨʘʬʘʤʠ ʤʦʥʘʜʳ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʘʣʛʦʨʠʪʤ ʧʝʨʝʤʥʦʞʝʥʠʷ ʧʦʜʩʪʘʥʦʚʦʢ ʩ ʚʣʦʞʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ, ʧʦʜʦʙʥʦ 

ʪʦʤʫ, ʢʘʢ ʵʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚ PQ-ʜʝʨʝʚʴʷʭ, ʚʳʧʦʣʥʠʤ çʨʘʟʜʚʦʝʥʠʝè 

ʚʝʨʰʠʥ ʥʘ ʛʨʘʬʝ (ʨʠʩʫʥʦʢ 25, ʘ), ʠʟ ʢʦʪʦʨʳʭ ʚʳʭʦʜʠʪ ʙʦʣʝʝ ʦʜʥʦʛʦ 

ʨʝʙʨʘ (ʨʠʩʫʥʦʢ 25, ʙ).  

 

 
                                ʘ                                                        ʙ    

 

ʈʠʩ. 25. ɼʝʨʝʚʦ ʩ ʢʦʨʥʝʚʠʱʝʤ: ʘ ï ʛʨʘʬ ʙʝʟ ʚʣʦʞʝʥʠʡ; 

ʙ ï ʛʨʘʬ ʩ ʚʣʦʞʝʥʠʷʤʠ 

 

 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʠʜʝ ʧʦʜʩʪʘʥʦʚʦʢ ʜʣʷ ʛʨʘʬʘ ʩ ʚʣʦʞʝʥʠʷʤʠ, 

ʥʘʟʚʘʥʥʦʛʦ ʥʘʤʠ ʧʦ ʚʥʝʰʥʝʤʫ ʩʭʦʜʩʪʚʫ ʜʝʨʝʚʦʤ çʩ ʢʦʨʥʝʚʠʱʝʤè, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 14ɸ, ʘ ʪʘʙʣʠʮʘ ʫʤʥʦʞʝʥʠʷ ʩʘʤʠʭ ʧʦʜʩʪʘʥʦʚʦʢ 

ʧʨʠʚʦʜʠʪʩʷ ʚ ʪʘʙʣʠʮʝ 14ɹ. 
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ɻʣʘʚʘ 2. ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʊɽʆʈʀʀ ɻʈʋʇʇ ʅɸʈʋʐɽʅʅʆʁ 

ʉʀʄʄɽʊʈʀʀ ɺ ɹʀʆʃʆɻʀʏɽʉʂʀʍ ʉʀʉʊɽʄɸʍ 

 

2.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʣʘʩʪʝʨʥʳʭ ʩʠʩʪʝʤ 

 

ʂʣʘʩʪʝʨʦʤ ʥʘʟʳʚʘʶʪ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʦʙʲʝʢʪʦʚ, ʦʙʲʝʜʠʥʠʚʰʠʭʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʦʡʯʠʚʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʅʘʥʦʢʣʘʩʪʝʨʘʤʠ ʚ ʧʨʠʨʦʜʝ ʥʘʟʳʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣ, ʦʙʲʝʜʠʥʠʚʰʠʭʩʷ ʚ ʫʩʪʦʡʯʠʚʫʶ ʘʪʦʤʥʫʶ ʠʣʠ 

ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʨʘʟʤʝʨʘʤʠ, ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʚʝʣʠʯʠʥʫ, 

ʙʣʠʟʢʫʶ ʢ ʥʘʥʦʤʝʪʨʫ (10-9 ʤ). ʈʘʟʤʝʨʳ ʢʣʘʩʪʝʨʦʚ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ 

ʥʘʯʠʥʘʶʪʩʷ ʦʪ ʨʘʟʤʝʨʦʚ ʦʪʝʣʴʥʳʭ ʢʣʝʪʦʢ, ʚʠʜʠʤʳʭ ʚ ʦʧʪʠʯʝʩʢʠʡ 

ʤʠʢʨʦʩʢʦʧ (ʦʢʦʣʦ 10-6 ʤ), ʠ ʚʠʨʫʩʦʚ ʜʦ ʨʘʟʤʝʨʦʚ ʢʨʫʧʥʳʭ ʞʠʚʦʪʥʳʭ ʠ 

ʯʝʣʦʚʝʢʘ (ʦʢʦʣʦ 1 ʤ), ʠ ʟʘʪʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʢʣʘʩʪʝʨʦʚ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʝ ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ, ʘ 

ʧʨʠʨʦʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʥʝʪʘʨʥʳʭ, ʟʚʝʟʜʥʳʭ ʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʢʣʘʩʪʝʨʘʤʠ ʥʝ ʥʘʟʳʚʘʶʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʘʩʪʝʨʥʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʤʷ ʦʩʥʦʚʥʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ, ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʠʤʠʩʷ ʚ ʥʘʫʯʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ: 1) ʧʨʠʨʦʜʥʳʤʠ ʥʘʥʦʢʣʘʩʪʝʨʘʤʠ; 2) ʞʠʚʳʤʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ; 3) ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ. 

 

2.2. ʄʦʜʝʣʠ ʧʨʠʨʦʜʥʳʭ ʥʘʥʦʢʣʘʩʪʝʨʦʚ 

 

ʆʙʩʫʞʜʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʨʠʨʦʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʤʦʤʝʥʪʦʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʬʦʨʤʳ ʨʦʩʪʘ ʩʪʨʫʢʪʫʨʳ ʚ 

ʚʝʱʝʩʪʚʝ, ʪʘʢ ʢʘʢ çʩʚʦʙʦʜʥʳʝ ʢʣʘʩʪʝʨʳ ʷʚʣʷʶʪʩʷ ʧʝʨʝʭʦʜʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ ʤʝʞʜʫ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ, ʤʦʣʝʢʫʣʘʤʠ ʠ ʪʚʝʨʜʳʤ 

ʪʝʣʦʤè [1]. ʆʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʳ (ʤʦʜʝʣʠʨʦʚʘʥʠʝ) ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʙʠʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʘʪʦʤʳ, ʤʦʣʝʢʫʣʳ, ʢʣʘʩʪʝʨʳ, 

ʧʫʩʪʦʪʳ ʠ ʧʨ. ɻʣʘʚʥʘʷ ʯʘʩʪʴ ʧʦʠʩʢʘ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ï ʵʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʦʜʝʨʞʠʤʦʛʦ ʷʯʝʡʢʠ 

ʢʨʠʩʪʘʣʣʘ ʚ ʚʠʜʝ ʫʧʘʢʦʚʢʠ ʠʟ ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣ, ʨʝʘʣʴʥʦ 

ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʚ ʩʦʩʪʦʷʥʠʠ ʛʘʟʘ ʠʣʠ ʞʠʜʢʦʩʪʠ ʠ ʧʝʨʝʰʝʜʰʠʭ ʚ 

ʪʚʝʨʜʫʶ ʬʘʟʫ.  

ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʥʘʯʠʥʘʝʪʩʷ ʦʪ 

çʪʦʯʝʯʥʦʛʦè ʠʩʪʦʯʥʠʢʘ ʨʦʩʪʘ, ʩʧʦʥʪʘʥʥʦʝ, ʪʦ ʝʩʪʴ ʩʣʫʯʘʡʥʦʝ ʧʦʷʚʣʝʥʠʝ 
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ʢʦʪʦʨʦʛʦ çʥʘʨʫʰʘʝʪ ʦʜʥʦʨʦʜʥʫʶ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʠʤʤʝʪʨʠʶè 

ʨʘʩʧʣʘʚʘ ʚʝʱʝʩʪʚʘ ʠ ʩʦʟʜʘʝʪ çʧʨʦʮʝʩʩè (ʨʠʩʫʥʦʢ 26). 

 

 

 

ʈʠʩ. 26. ʄʦʤʝʥʪʘʣʴʥʘʷ ʬʦʪʦʛʨʘʬʠʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʛʠʧʦʩʫʣʴʬʠʪʘ 

ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʩʚʝʪʝ 

 

ʕʪʘ ʯʘʩʪʴ ʢʥʠʛʠ ʧʦʩʚʷʱʝʥʘ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ 

ʠʟʫʯʝʥʠʶ ʩʠʩʪʝʤ ʤʘʣʳʭ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʫʧʧ 

ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ. ʀʩʪʦʯʥʠʢʠ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʩʦʜʝʨʞʘʪʩʷ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʪʦʤ 

ʯʠʩʣʝ ʚ ʨʘʟʣʠʯʥʦʝ ʚʨʝʤʷ ʘʚʪʦʨʘʤʠ ʤʦʥʦʛʨʘʬʠʠ. ʈʘʟʚʠʪʠʝ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʰʝ ʚʨʝʤʷ ʧʦʣʫʯʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʪʠʤʫʣ ʚ 

ʩʚʷʟʠ ʩ ʥʦʚʳʤʠ ʦʪʢʨʳʪʠʷʤʠ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ, ʛʝʥʝʪʠʢʝ ʠ 

ʨʦʙʦʪʦʪʝʭʥʠʢʝ. ɺ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʎʝʥʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʠʩʢʘʭ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʩʪʨʫʢʪʫʨ ʥʘʥʦʢʣʘʩʪʝʨʦʚ, ʟʘʢʣʶʯʘʶʱʝʛʦʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʤʝʪʦʜʳ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʥʝ ʚʩʝʛʜʘ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʥʘʙʣʶʜʝʥʠʷ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʠ ʥʝ ʚʩʝʛʜʘ ʤʦʛʫʪ ʦʙʦʩʥʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ʅʘʢʦʥʝʮ, ʤʝʪʦʜʳ 

çʚʠʟʫʘʣʠʟʘʮʠʠè ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʤʘʣʳʭ ʢʣʘʩʪʝʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʧʦʟʚʦʣʷʶʪ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʝʨʝʡʪʠ ʦʪ ʢʣʘʩʪʝʨʘ ʢ ʤʘʪʝʨʠʘʣʫ ʚ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʚ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʫʯʥʘʷ ʮʝʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʠʞʝ 

ʩʪʨʫʢʪʫʨ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ (ʩʦ 

ʩʪʦʨʦʥʳ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʠ ʩʦ ʩʪʦʨʦʥʳ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ) ʢ 
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ʠʟʫʯʝʥʠʶ ʠ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʥʘʥʦʫʨʦʚʥʝ.   

ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʥʘʥʦʢʣʘʩʪʝʨʘʭ, ʨʘʩʩʯʠʪʘʥʥʳʭ çʠʟ ʧʝʨʚʳʭ ʧʨʠʥʮʠʧʦʚè ʢʚʘʥʪʦʚʦʡ 

ʤʝʭʘʥʠʢʠ. 

 

 

 

ʈʠʩ. 27. ʂʦʨʫʥʜ (Al2O3) ï ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ, ʠʤʝʶʱʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʦʜʥʫ ʠ ʜʚʝ ʤʦʣʝʢʫʣʳ (n = 1, 2) ʠ ʚʦʟʤʦʞʥʳʝ ʤʦʜʝʣʠ ʥʘʥʦʢʣʘʩʪʝʨʘ 

 

ʏʠʩʣʘ ʧʦʜ ʤʦʜʝʣʷʤʠ ʦʙʦʟʥʘʯʘʶʪ ʵʥʝʨʛʠʶ ʩʚʷʟʠ ʘʪʦʤʦʚ. 

ʄʠʥʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʠʠ ʦʧʨʝʜʝʣʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʨʷʜʫ 

ʢʣʘʩʪʝʨʦʚ. ʅʘʧʨʠʤʝʨ, ʧʨʠ n = 1 ʢʣʘʩʪʝʨ (ʩ) ʠʤʝʝʪ ʩʠʤʤʝʪʨʠʶ 

ʪʨʠʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʳ D3h ʩ ʵʥʝʨʛʠʝʡ ʩʚʷʟʠ, ʨʘʚʥʦʡ 1,24 eV, ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʩʪʨʫʢʪʫʨʳ ʨʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʢʦʨʫʥʜʘ.  

ʅʘʯʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʙʘʥʢʘʤʠ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ, 

ʪʘʢʠʤʠ, ʥʘʧʨʠʤʝʨ, ʢʘʢ WWW-MINKRIST (ʜʣʷ ʤʠʥʝʨʘʣʦʚ) [2], 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʚ ʩʝʪʠ çʀʥʪʝʨʥʝʪè, ʠʣʠ ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ çCʉDʉè (ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʩʦʜʝʨʞʘʱʠʭ ʫʛʣʝʨʦʜ) [3], ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʡ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʯʣʝʥʦʚ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʉʦʶʟʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʦʚ. 

ʇʦʠʩʢ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʠʟ ʙʘʥʢʦʚ ʜʘʥʥʳʭ, ʩʦʙʨʘʥʥʳʭ ʥʘ ʤʝʪʦʜʘʭ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʚʳʙʨʘʥ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚʩʝ ʢʨʠʩʪʘʣʣʳ 

ʧʨʦʰʣʠ ʯʝʨʝʟ ʩʪʘʜʠʶ ʟʘʨʦʜʳʰʘ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʨʘʟʤʝʨʘ. ʈʦʩʪ 

ʢʨʠʩʪʘʣʣʦʚ, ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʩʘʤʦʧʦʜʦʙʠʷ, 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʢʣʘʩʪʝʨʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʥʘ 

ʥʘʥʦʤʝʪʨʦʚʦʤ ʫʨʦʚʥʝ, ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ. ɺʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ 
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ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠ ʤʦʣʝʢʫʣʘʤʠ ʚ ʷʯʝʡʢʝ ʢʨʠʩʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʢʘʢʠʝ 

ʠʟ ʥʠʭ ʦʧʨʝʜʝʣʷʶʪ ʨʦʩʪ ʩʪʨʫʢʪʫʨʳ ʟʘʨʦʜʳʰʘ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʧʦʣʠʵʜʨ 

(ʤʥʦʛʦʛʨʘʥʥʠʢ) ʨʦʩʪʘ. ʉʦʦʪʚʝʪʩʪʚʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ 

ʦʜʥʦʛʦ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ 

ʜʦʣʞʥʦ ʙʳʪʴ ʩʪʨʦʛʦ ʚʳʧʦʣʥʝʥʦ.  

ɺ ʵʪʦʡ ʛʣʘʚʝ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʧʦ 

ʨʘʟʤʝʨʘʤ ʥʘ ʘʪʦʤʘʨʥʳʝ, ʤʦʣʝʢʫʣʷʨʥʳʝ, ʢʦʤʧʣʝʢʩʥʳʝ ʢʣʘʩʪʝʨʳ ʠ 

ʢʣʘʩʪʝʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʤʠʢʨʦʙʠʦʣʦʛʠʠ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʣʫʯʝʥʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʘʷ ʘʧʧʘʨʘʪʫʨʘ ʠ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʨʘʟʤʝʨʘʤ ʢʣʘʩʪʝʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʠʞʝ: 

1.1. ɸʪʦʤʘʨʥʳʝ ʢʣʘʩʪʝʨʳ: ʤʝʜʴ, ʢʘʜʤʠʡ, ʤʘʛʥʠʡ, ʮʠʥʢ, ʠʥʜʠʡ ʠ ʪ. ʧ. 

1.2. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʣʘʩʪʝʨʳ: ʛʘʣʣʠʪ, ʘʣʪʘʠʪ, 

ʘʣʶʤʦʦʢʩʠʜ. 

1.3. ʂʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ï ʢʘʨʙʘʤʠʜ. 

1.4. ʂʣʘʩʪʝʨʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪ ʤʦʣʝʢʫʣ (ʘʥʪʨʘʮʝʥ, 

ʧʝʥʪʘʮʝʥ, ʢʦʨʦʥʝʥ) ʜʦ ɼʅʂ. 

ɼʣʷ ʥʘʯʘʣʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʮʝʩʩ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʈɼɸ), ʧʨʦʚʝʜʝʥʥʦʛʦ ʧʦ ʤʝʪʦʜʠʢʝ ʧʦʩʣʦʡʥʦʛʦ 

ʨʦʩʪʘ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʥʝʝ ʚ ʨʘʙʦʪʝ [5].  

ʀʩʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʘʤ ʇʝʨʠʦʜʠʯʝʩʢʦʡ 

ʪʘʙʣʠʮʳ ʙʝʨʝʪʩʷ ʠʟ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʙʘʥʢʘ ʤʠʥʝʨʘʣʦʚ çWWW-

MINCRYSTè. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʚ ʷʯʝʡʢʝ ʩ 

ʩʠʤʤʝʪʨʠʝʡ ʬʝʜʦʨʦʚʩʢʦʡ ʛʨʫʧʧʳ ʠ ʤʝʞʘʪʦʤʥʳʝ (ʤʝʞʷʜʝʨʥʳʝ) 

ʨʘʩʩʪʦʷʥʠʷ ʚ ʧʝʨʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʢʘʞʜʦʛʦ ʘʪʦʤʘ ʠ 

ʧʨʠʚʦʜʠʪʩʷ ʥʠʞʝ (ʪʘʙʣʠʮʘ 15). 

ʊʘʙʣʠʮʘ 15 

ʂʨʠʩʪʘʣʣʦʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʢʘʜʤʠʷ 

CADMIUM  1, g-zinc, Cd Hexagonal Z=2 P6(3)/mmc 

18.6.1992 Ref. Str.: Wyckoff R.W.G. (1963) 

Lattice parameters 

(cub.angs.degr) 

Co-ordinates for all atomic positions 

a = 2.9789 Alpha = 90.0 N0 N0P x/a y/b z/c 

b = 2.9789 Beta = 90.0 1 1 0.3333 0.6667 0.25 

c = 5.6177 Gamma = 120.0 2 1 0.6667 0.3333 0.75 

Selected interatomic distances (cation-anion-anion): 

N0P Atom Rad.sph. 

(angs.) 

C.N. Distance (angs.) 

1 Cd 3.744 12 6 Ĭ 2.9789; 6 Ĭ 3.2935 
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ɽʩʣʠ ʚʳʙʠʨʘʪʴ ʢʣʘʩʪʝʨ ʤʘʛʥʠʷ ʠ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʢʦʪʦʨʳʡ ʙʳʣ ʨʘʩʰʠʬʨʦʚʘʥ ʨʘʥʴʰʝ ʢʘʜʤʠʷ, ʪʦ ʩʨʘʚʥʠʚʘʪʴ ʠʭ ʙʫʜʝʤ ʧʦ 

ʪʘʙʣʠʮʝ 16. 

ʊʘʙʣʠʮʘ 16 

ʂʨʠʩʪʘʣʣʦʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʤʘʛʥʠʷ 

MAGNESIUM 1, Mg Hexagonal Z=2 P6(3)/mmc 

Ref.Str.: L: Swanson and Tatge (1951), A.V. Chichagov (1997) 

Lattice parameters (cub.angs.degr) Co-ordinates for all atomic positions 

a = 3.2095 Alpha = 90.0 N0 N0P x/a y/b z/c 

b = 3.2095 Beta = 90.0 1 1 0.3333 0.6667 0.25 

c = 5.2104 Gamma = 120.0 2 1 0.6667 0.3333 0.75 

Selected interatomic distances (cation-anion-anion): 

N0P Atom Rad.sph. (angs.) C.N. Distance (angs.) 

1 Mg 3.84 12 6 Ĭ 3.2095; 6 Ĭ 3.1969 

 

ʆʩʦʙʦ ʚʳʨʘʞʝʥʘ ʦʜʠʥʘʢʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʢʘʜʤʠʷ, 

ʤʘʛʥʠʷ ʠ ʮʠʥʢʘ (ʨʠʩʫʥʦʢ 28). ʆʪʩʶʜʘ ʬʦʨʤʠʨʫʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʨʘʩʯʝʪ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ ʨʦʩʪʘ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʜʘʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʚʘʨʠʘʥʪ 

ʩʪʨʫʢʪʫʨʳ.  

 

 
 

ʈʠʩ. 28. ʅʘʥʦʢʣʘʩʪʝʨʳ ʢʘʜʤʠʷ, ʮʠʥʢʘ ʠ ʤʘʛʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ 

ʦʜʠʥʘʢʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʤʘʛʠʯʝʩʢʠʭ ʯʠʩʝʣ 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʤʘʛʥʠʷ (ʨʠʩʫʥʦʢ 29) ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʥʘ k-ʡ 

çʦʙʦʣʦʯʢʝè ʧʦʚʝʨʭʥʦʩʪʠ ʤʥʦʛʦʛʨʘʥʥʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʥʘʥʦʢʣʘʩʪʝʨʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʟʘʢʦʥʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʠʩʝʣ 
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10k2 + 2, ʦʜʥʘʢʦ ʧʨʠ ʨʘʩʯʝʪʝ ʢʣʘʩʪʝʨʘ ʤʘʛʥʠʷ, ʧʨʦʚʝʜʝʥʥʦʤ ʤʝʪʦʜʦʤ 

ʈɼɸ, ʚ ʢʘʞʜʦʤ ʧʦʩʣʝʜʫʶʱʝʤ ʩʣʦʝ ʧʦʷʚʣʷʶʪʩʷ ʣʠʰʥʠʝ ʯʠʩʣʘ, ʯʪʦ 

ʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʵʪʠʭ ʩʪʨʫʢʪʫʨ. 

 

 

 
 

ʈʠʩ. 29. ʄʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʤʘʛʥʠʷ: 

ʘ ï ʘʪʦʤʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʢʦʩʘʵʜʨʘ ʧʨʠ k = 1; 

ʙ ï ʥʘʥʦʢʣʘʩʪʝʨ ʠʥʜʠʷ (In) ʧʨʠ k = 1 

 

ʇʨʠ ʧʨʝʚʨʘʱʝʥʠʠ ʢʘʜʤʠʷ ʚ ʠʥʜʠʡ (ʪʘʙʣʠʮʘ 17) ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʷʝʪʩʷ ʩʠʤʤʝʪʨʠʷ ʢʣʘʩʪʝʨʘ. ʇʨʦʚʝʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʥʜʠʡ 

ʷʚʣʷʝʪʩʷ ʥʘʥʦʢʣʘʩʪʝʨʥʳʤ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʠʟʦʤʝʨʦʤ ʢʫʙʠʯʝʩʢʦʛʦ 

ʦʢʪʘʵʜʨʘ (ʨʠʩʫʥʦʢ 29) ʩʦ ʩʪʦʨʦʥʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʘʛʠʯʝʩʢʠʭ ʯʠʩʝʣ (ʧʨʠ k = 1). 

ʊʘʙʣʠʮʘ 17 

ʂʨʠʩʪʘʣʣʦʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʠʥʜʠʷ 

INDIUM 1, In, Tetragonal Z=2 P4(2)/nnm 

Ref.Str.: Wyckoff R.W.G. (1963) 

Lattice parameters (cub.angs.degr) Co-ordinates for all atomic positions 

a = 3.244 Alpha = 90.0 N0 N0P x/a y/b z/c 

b = 3.244 Beta = 90.0 1 1 0.0 0.0 0.0 

c = 4.938 Gamma = 90.0 2 1 0.5 0.5 0.5 

Selected interatomic distances (cation-anion-anion): 

N0P Atom Rad.sph. (angs.) C.N. Distance (angs.) 

1 In 3.984 12 4 Ĭ 3,244; 8 Ĭ 3,3701 
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2.3. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʣʘʩʪʝʨʳ 

 

2.3.1. ɻʘʣʠʪ 

 

ɻʘʣʠʪ (NaCl) ï ʧʦʚʘʨʝʥʥʘʷ ʩʦʣʴ, ʠʤʝʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ 

Fm3m ʠ ʬʦʨʤʫ ʨʦʩʪʘ (ʨʠʩʫʥʦʢ 30). 

 

 
 

ʈʠʩ. 30. ɻʘʣʠʪ ʧʨʠ ʈʉɸ ʘʥʘʣʠʟʝ ʚ ʚʠʜʝ: ʘ ï ʢʫʙʘ; ʙ ï ʦʢʪʘʵʜʨʘ  

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʜʘʥʥʳʭ ʩʚʦʙʦʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʥʝʟʘʨʷʞʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ 

(NaCl)4 ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʢʨʫʧʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ (NaCl)11 [1], ʠʤʝʶʱʠʤʠ 

ʥʝʡʪʨʘʣʴʥʳʡ ʟʘʨʷʜ. ʌʦʨʤʘ ʪʘʢʠʭ ʤʘʣʳʭ ʢʣʘʩʪʝʨʦʚ ʙʣʠʟʢʘ ʢ 

ʢʫʙʠʯʝʩʢʦʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʜʪʚʝʨʞʜʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ 

ʨʘʩʯʝʪʘʤʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. 

ɻʘʟʦʚʘʷ ʵʣʝʢʪʨʦʥʦʛʨʘʬʠʷ ʠʟ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʥʦʡ ʭʠʤʠʠ ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʢ ʩʦʝʜʠʥʝʥʠʷʤ ʛʘʣʦʛʝʥʠʜʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʧʦʢʘʟʘʣʘ 

ʩʦʜʝʨʞʘʥʠʝ ʜʚʫʭʘʪʦʤʥʳʭ ʠ ʜʠʤʝʨʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʚ ʧʘʨʘʭ 

ʤʝʪʘʣʣʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʜ ʜʚʫʭʘʪʦʤʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ ʧʦʥʠʤʘʶʪʩʷ 

ʤʦʥʦʤʝʨʥʳʝ ʜʠʧʦʣʠ NaCl, ʘ ʜʠʤʝʨʥʳʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʢʣʘʩʪʝʨʳ 

ʚʳʩʪʫʧʘʶʪ ʚ ʚʠʜʝ ʠʩʢʘʞʝʥʥʳʭ ʢʚʘʜʨʘʪʦʚ.  

ʉʘʤʘʷ ʚʝʨʦʷʪʥʘʷ ʬʦʨʤʘ ʧʦʣʠʵʜʨʘ ʨʦʩʪʘ ʛʘʣʠʪʘ ʠ ʚ ʧʨʠʨʦʜʥʳʭ, ʠ 

ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʨʘʚʠʣʴʥʦʛʦ ʢʫʙʘ, 

ʦʜʥʘʢʦ ʝʛʦ ʩʪʨʫʢʪʫʨʘ ʧʨʠ ʵʪʦʤ ʦʧʠʩʳʚʘʝʪʩʷ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʢʫʙʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ ʠ ʩʠʤʤʝʪʨʠʝʡ ʛʨʫʧʧʳ ʢʫʙʠʯʝʩʢʦʡ 

ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʨʝʰʝʪʢʠ. 
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2.3.2. ʊʝʣʣʫʨʠʜ ʩʚʠʥʮʘ 

 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʟʘʨʦʜʳʰ ʠ ʥʘʥʦʢʣʘʩʪʝʨ ʘʣʪʘʠʪʘ ʦʙʨʘʟʫʝʪʩʷ ʠʟ 

ʜʠʧʦʣʝʡ Pb2+Te2-, ʚ ʢʦʪʦʨʳʭ ʩʚʷʟʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʜʠʧʦʣʴ-

ʜʠʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ï ʧʨʠ ʩʙʦʨʢʝ ʠʣʠ ʧʨʠ 

ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʨʫʰʝʥʠʠ. ʊʘʢʠʝ ʦʙʨʘʪʠʤʳʝ ʧʨʦʮʝʩʩʳ ʠʜʝʘʣʴʥʦ 

ʧʦʜʭʦʜʷʪ ʧʦʜ ʪʝʨʤʠʥʦʣʦʛʠʶ çʩʥʠʟʫè ʠ çʩʚʝʨʭʫè. 

 

 
 

ʈʠʩ. 31. ʅʘʥʦʢʣʘʩʪʝʨ ʘʣʪʘʠʪʘ PbTe 

 

ʊʘʙʣʠʮʘ 18 

ʂʨʠʩʪʘʣʣʦʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʘʣʪʘʠʪʘ 
ALTAITE  1, t-halite, PbTe, Cubic Z=4 F m3m 

Ref.Str.: Wyckoff R.W.J. (1964) 

Lattice parameters (cub.angs.degr) Co-ordinates for all atomic positions 

a = 6.454 Alpha = 90.0 

N0 N0P x/a y/b z/c 

1 1 0.0 0.0 0.0 

2 2 0.5 0.5 0.5 

b = 6.454 Beta = 90.0 

3 1 0.5 0.0 0.5 

4 1 0.5 0.5 0.0 

5 1 0.0 0.5 0.5 

c = 6.454 Gamma = 90.0 

6 2 0.0 0.5 0.0 

7 2 0.0 0.0 0.5 

8 2 0.5 0.0 0.0 

Selected interatomic distances (cation-anion-anion): 

N0P Atom Rad.sph. (angs.) C.N. Distance (angs.) 

1 In 3.984 12 4 Ĭ 3,244; 8 Ĭ 3,3701 

 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚ ʧʨʦʛʨʘʤʤʝ ʨʘʩʯʝʪʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʮʝʥʪʨ 

ʜʠʧʦʣʷ ʤʝʥʷʝʪʩʷ ʥʘ ʪʦʯʢʫ, ʩʦ ʩʪʦʨʦʥʳ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ, ʦʙʨʘʟʫʝʪʩʷ 
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ʧʨʘʚʠʣʴʥʘʷ ʩʠʩʪʝʤʘ ʪʦʯʝʢ, ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

Fm3m, ʩʭʦʞʝʡ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ ʤʥʦʛʠʭ ʤʝʪʘʣʣʦʚ. ʌʦʨʤʘ 

ʥʘʠʤʝʥʴʰʝʛʦ ʪʦʯʝʯʥʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʘ ʷʚʣʷʝʪʩʷ ʢʫʙʦʦʢʪʘʵʜʨʠʯʝʩʢʦʡ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʚʦʜʷʱʘʷ ʧʨʠ ʨʦʩʪʝ ʩʪʨʫʢʪʫʨʳ ʢ ʥʘʥʦʢʣʘʩʪʝʨʫ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ ʟʘʨʦʜʳʰʫ ʚ ʚʠʜʝ ʢʫʙʦʦʢʪʘʵʜʨʘ (ʨʠʩʫʥʦʢ 32). 

 

 
 

ʈʠʩ. 32. ʋʧʘʢʦʚʦʯʥʳʡ ʤʥʦʛʦʛʨʘʥʥʠʢ ʨʦʩʪʘ ʥʘʥʦʢʣʘʩʪʝʨʘʘʣʪʘʠʪʘ, 

ʧʦʩʪʨʦʝʥʥʳʡ ʠʟ: ʘ ï ʜʠʧʦʣʝʡ Pb2+Te2ï; ʙ ï ʜʠʤʝʨʦʚ 

 

ɺʳʙʨʘʥʥʦʝ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʦ ʩʬʝʨ 

ʨʦʩʪʘ (20 ʩʬʝʨ) ʧʨʠ ʧʝʨʠʦʜʝ ʨʝʰʝʪʢʠ 6,45¡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢʠʤ ʞʝ 

ʨʘʟʤʝʨʘʤ (12,9 ʥʤ) ʨʝʙʨʘ ʢʫʙʦʦʢʪʘʵʜʨʘ (ʢʫʙʠʯʝʩʢʘʷ ʩʠʥʛʦʥʠʷ), ʯʪʦ ʠ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ ʜʣʷ ʦʢʪʘʵʜʨʘ. ʄʘʛʠʯʝʩʢʠʝ ʯʠʩʣʘ, ʦʪʨʘʞʘʶʱʠʝ 

ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʥʦʛʦʛʨʘʥʥʠʢʘ ʨʦʩʪʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ Nk = 10k2 + 2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʥʘʨʘʱʠʚʘʥʠʷ ʨʘʟʤʝʨʘ 

ʢʫʙʦʦʢʪʘʵʜʨʘ ʜʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʭ ʚʝʣʠʯʠʥ (ʦʢʦʣʦ 30 

ʥʤ) ʪʘʢʞʝ ʧʦʥʘʜʦʙʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʩʯʝʪʝ ʦʢʦʣʦ 50 ʩʬʝʨ. ɸʥʘʣʦʛʠʷ 

ʩ ʨʦʩʪʦʤ ʤʝʪʘʣʣʦʚ ʚ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʢʦʥʩʪʘʪʘʮʠʝʡ 

ʬʘʢʪʘ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ (ʜʠʧʦʣʝʡ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʥʘʙʦʨ ʯʠʩʝʣ: 1, 12, 42, 92, 162, 252, 362, 

492, 642, é, ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʛʠʯʝʩʢʠʤ ʯʠʩʣʘʤ, ʩʪʦʷʱʠʤ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʤʘʛʥʠʷ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʵʪʦʪ 

ʵʢʩʧʝʨʠʤʝʥʪ ʷʚʠʣʩʷ ʨʝʰʘʶʱʠʤ ʜʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʢʣʘʩʪʝʨʦʚ, ʨʘʩʪʫʱʠʭ ʧʦ ʟʘʢʦʥʘʤ, ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʤʝʪʨʠʯʝʩʢʦʡ 

ʤʦʜʝʣʴʶ.   
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ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʢʣʘʜʳʚʘʷ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʘʪʦʤʳ ʧʨʠ 

ʧʦʩʣʦʡʥʦʡ ʩʙʦʨʢʝ ʢʫʙʦʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ (ʠ ʠʢʦʩʘʵʜʨʠʯʝʩʢʦʛʦ) ʢʣʘʩʪʝʨʘ, 

ʠʤʝʝʤ: 1 + 12 = 13, 1 + 12 + 42 = 55, 1 + 12 + 42 + 92 = 147, ʠ ʜʘʣʝʝ 

147 + 162 = 309, 309 + 252 = 561, 561 + 362 = 923, 923 + 492 = 1415, 

1415 + 642 = 2057, ʠ ʪ.ʜ. 

 

 

ʈʠʩ. 33. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʦʩʘʞʜʝʥʥʦʛʦ ʪʦʥʢʦʛʦ ʩʣʦʷ: ʘ ï 

ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ; ʙ ï ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʝ (ɺʣɻʋ, ʢʘʬ. ʌʀʇʄ) 

 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ (ʨʠʩʫʥʦʢ 33) 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ PbTe ʚʳʨʘʩʪʘʶʪ ʚ ʬʦʨʤʝ ʢʫʙʠʢʦʚ, ʘ ʥʝ 

ʢʫʙʦʦʢʪʘʵʜʨʦʚ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʥʘʥʦʯʘʩʪʠʮ PbTe ʩʦ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ ʦʪ 5 ʥʤ ʜʦ 30 ʥʤ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʣʠʞʥʝʛʦ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʫʤʝʨʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʜʦ 106 ɺʪ/ʩʤ2) ʥʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʤʠʰʝʥʴ, ʧʦʤʝʱʝʥʥʫʶ ʚ ʛʣʠʮʝʨʠʥ. 

 

2.3.3. ʂʦʨʫʥʜ 

 

ʆʢʩʠʜ ʘʣʶʤʠʥʠʷ ï ʢʦʨʫʥʜ (Al 2O3). 

ʂʦʤʙʠʥʘʮʠʷ ʫʥʠʢʘʣʴʥʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ, ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʜʝʣʘʝʪ 

ʧʣʝʥʢʠ ʘʥʦʜʠʨʦʚʘʥʥʦʛʦ ʦʢʩʠʜʘ [5] ʘʣʶʤʠʥʠʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʠ 

ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʝʡ, ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʩʝʥʩʦʨʠʢʝ ʠ ʜʣʷ ʩʠʥʪʝʟʘ 

ʥʫʣʴʤʝʨʥʳʭ ʥʘʥʦʢʣʘʩʪʝʨʦʚ.  
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ʅʘʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʘ (ALOX) [6] ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʢʦʪʦʨʦʤ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʘʪʦʤʦʚ ʘʣʶʤʠʥʠʷ ʠ ʢʠʩʣʦʨʦʜʘ ʜʣʷ Al 2O3, 

Al (OH)3 ʠ AlO(OH) ʜʦʣʞʥʳ ʦʪʣʠʯʘʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʩʥʦʚʘ ʚʝʱʝʩʪʚʘ ALOX ʧʨʠʥʘʜʣʝʞʠʪ ʦʢʩʠʜʫ 

ʘʣʶʤʠʥʠʷ (99,64 %) ʩʦʩʪʘʚʘ Al2O3, ʯʪʦ ʫʤʝʥʴʰʠʣʦ ʢʦʣʠʯʝʩʪʚʦ 

ʚʘʨʠʘʥʪʦʚ ʩʪʨʫʢʪʫʨ, ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʧʨʦʚʝʜʝʥʥʘʷ ʥʘ ʦʙʨʘʟʮʘʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ, ʧʦʢʘʟʘʣʘ, ʯʪʦ ʨʘʟʤʝʨʳ ʧʦʨ 

ʤʦʛʫʪ ʙʳʪʴ ʩʜʝʣʘʥʳ ʨʘʟʣʠʯʥʳʤʠ, ʥʦ ʧʦʨʠʩʪʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ 

ʥʘʜʙʘʨʴʝʨʥʦʛʦ ʩʣʦʷ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʦʭʨʘʥʷʣʘʩʴ. 

 

2.4. ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʘʣʳʭ ʧʨʠʨʦʜʥʳʭ 

ʢʣʘʩʪʝʨʦʚ (ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ) 

 

2.4.1. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʘʥʘʣʠʟʘ ʚʝʱʝʩʪʚ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʠʦʥʠʟʘʮʠʷ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ 

ʚʝʱʝʩʪʚʘ ʠ ʨʘʟʜʝʣʝʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʠʦʥʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ 

ʤʘʩʩʦʚʳʤ ʯʠʩʣʦʤ m/z ï ʦʪʥʦʰʝʥʠʝʤ ʤʘʩʩʳ ʠʦʥʘ ʢ ʝʛʦ ʟʘʨʷʜʫ ï ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʠʣʠ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ. ʆʜʥʘʢʦ ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ 

ʤʝʪʦʜʝ ʠʩʩʣʝʜʫʶʪʩʷ ʧʨʦʜʫʢʪʳ ʧʨʝʚʨʘʱʝʥʠʡ ʩʘʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʪ. ʢ. 

ʤʝʪʦʜ ï ʨʘʟʨʫʰʘʶʱʠʡ. 

ʄʝʪʦʜ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʧʦʣʫʯʠʣ ʩʚʦʝ ʥʘʟʚʘʥʠʝ ʠʟ-ʟʘ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ ʧʦ ʤʘʩʩʦʚʳʤ ʯʠʩʣʘʤ ï ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʦʪ ʦʪʥʦʰʝʥʠʷ ʤʘʩʩʳ ʢ ʟʘʨʷʜʫ, ʢʦʪʦʨʦʝ 

ʩʭʦʞʝ ʧʦ ʚʠʜʫ ʩʦ ʩʧʝʢʪʨʦʤ. ʕʪʦʪ ʤʝʪʦʜ ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʢ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤ, ʪʘʢ ʢʘʢ ʦʥ ʥʝ ʥʝʩʝʪ ʚ ʩʝʙʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʝʱʝʩʪʚʘ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 34, 

ʷʚʣʷʝʪʩʷ ʚʘʢʫʫʤʥʳʤ ʧʨʠʙʦʨʦʤ, ʦʩʥʦʚʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ.  

ʉʫʱʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʦʛʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʜʝʡʩʪʚʠʡ: 

1) ʠʦʥʠʟʘʮʠʷ ʤʦʣʝʢʫʣʳ ʚʝʱʝʩʪʚʘ; 
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2) ʫʩʢʦʨʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʚʘʢʫʫʤʝ, ʧʝʨʝʭʦʜʷʱʝʝ ʠʟ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ; 

3) ʘʥʘʣʠʟ ʢʦʣʠʯʝʩʪʚʘ, ʩʢʦʨʦʩʪʠ, ʠʩʢʨʠʚʣʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮ 

ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ɹʦʣʝʝ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʣʫʯʰʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʯʘʩʪʠʮʘʤ ʩ ʙʦʣʴʰʦʡ 

ʤʘʩʩʦʡ. 

 

 
 

ʈʠʩ. 34. ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʠ ʨʘʙʦʪʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ 

 

ʅʘʛʣʷʜʥʳʤ ʧʨʠʤʝʨʦʤ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʧʨʠʤʝʨ ʤʘʩʩ-ʩʧʝʢʪʨʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʷ, ʥʘ ʢʦʪʦʨʦʤ ʧʠʢʠ ʦʙʦʟʥʘʯʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ 

ʚ ʦʢʨʫʞʝʥʠʠ ʥʘ ʢʘʞʜʦʤ ʩʣʝʜʫʶʱʝʤ ʫʨʦʚʥʝ ʨʦʩʪʘ.  

ʏʠʩʣʦʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ὔ ρπὯ ς ʨʦʩʪʘ 

ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʪʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 35 ʠ ʥʘʟʳʚʘʝʪʩʷ 

çʤʘʛʠʯʝʩʢʠʤʠ ʯʠʩʣʘʤʠè. ɸʥʘʣʦʛʠʯʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʠʩʝʣ 

ʨʦʩʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʘʪʦʤʘʨʥʳʭ ʢʣʘʩʪʝʨʦʚ. 

ʂʘʞʜʳʡ ʨʘʟ, ʚ ʥʘʯʘʣʝ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʣʘʩʪʝʨʘ ʦʜʥʦʛʦ ʨʘʟʤʝʨʘ ʢ 

ʜʨʫʛʦʤʫ, ʩʠʤʤʝʪʨʠʷ ʝʛʦ ʥʘʨʫʰʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ 

ʧʦʣʥʦʤ ʧʦʢʨʳʪʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʘʪʦʤʘʤʠ (ʤʦʣʝʢʫʣʘʤʠ) ʩʣʝʜʫʶʱʝʛʦ 

ʩʣʦʷ. ʇʨʠʤʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʧʦ ʤʘʩʩʘʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʘʪʦʤʦʚ ʤʘʛʥʠʷ ʩ 

ʪʝʤ ʞʝ ʟʘʢʦʥʦʤ ʯʠʩʣʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʩʣʦʡʥʦʛʦ ʨʦʩʪʘ 

10k2 + 2 ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 35 (ʧʦ ʨʘʙʦʪʝ [4]).  
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ʈʠʩ. 35. ʄʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʨʦʩʪʘ ʢʣʘʩʪʝʨʦʚ ʤʘʛʥʠʷ 

 

2.4.2. ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

 

ʄʝʪʦʜ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʕʄ) ʜʝʡʩʪʚʫʝʪ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʫʯʢʘ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʛʣʫʙʦʢʦʤ ʚʘʢʫʫʤʝ ʠ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʧʨʝʜʝʣʦʤ ʨʘʟʨʝʰʝʥʠʷ 

2-3 . ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʪʝʣ, ʣʦʢʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʚ 

ʤʠʢʨʦʙʲʝʤʝ ʪʝʣʘ. ʂʦʥʝʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʧʦʣʫʯʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʘʪʦʤʘʭ ʚʝʱʝʩʪʚʘ 

ʚʩʣʝʜʩʪʚʠʝ ʷʚʣʝʥʠʡ ʜʠʬʨʘʢʮʠʠ ʠ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ. ʕʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʨʦʭʦʜʝ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʣʦʢʘʣʴʥʳʝ ʫʯʘʩʪʢʠ 

ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʪʦʣʱʠʥʝ ʠ ʧʣʦʪʥʦʩʪʠ.  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫ ʩʚʝʪʦʚʦʛʦ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʦʚ ʩʭʦʞʠ ʧʦ 

ʨʷʜʫ ʩʣʝʜʫʶʱʠʭ ʧʨʠʯʠʥ: ʘʥʘʣʦʛʠʯʥʳʡ ʭʦʜ ʣʫʯʝʡ, ʥʘʣʠʯʠʝ 

ʬʦʢʫʩʠʨʫʶʱʠʭ ʣʠʥʟ, ʚ ʕʄ ʚʳʩʪʫʧʘʶʪ ʢʦʥʜʝʥʩʦʨʳ ï ʤʘʛʥʠʪʳ, 

ʠʩʪʦʯʥʠʢʫ ʩʚʝʪʘ ʘʥʘʣʦʛʠʯʥʘ ʵʣʝʢʪʨʦʥʥʘʷ ʧʫʰʢʘ. 

ɺʠʜʳ ʕʄ. 

1. ʈʘʩʪʨʦʚʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ (ʈʕʄ) (ʨʠʩʫʥʦʢ 36) ï 

ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʣʶʙʳʝ ʤʘʩʩʠʚʥʳʝ ʦʙʲʝʢʪʳ ʙʝʟ ʥʘʯʘʣʴʥʦʡ 

ʧʨʝʜʧʦʜʛʦʪʦʚʢʠ, ʠʩʩʣʝʜʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʫʯʘʩʪʢʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ, ʪʘʢʠʭ ʢʘʢ: ʩ ʧʦʤʦʱʴʶ ʚʪʦʨʠʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʛʣʦʱʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʊʘʢʞʝ 

ʧʨʠ ʧʦʩʣʦʡʥʦʤ ʩʪʨʘʚʣʠʚʘʥʠʠ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʘʪʴ 

ʩʪʨʫʢʪʫʨʫ ʠ ʪʦʧʦʛʨʘʬʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. 
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ʈʠʩ. 36. ʉʭʝʤʘ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ: 
1 ï ʪʝʨʤʦʵʤʠʩʩʠʦʥʥʳʡ ʢʘʪʦʜ; 2 ï ʫʧʨʘʚʣʷʶʱʠʡ ʵʣʝʢʪʨʦʜ; 3 ï ʘʥʦʜ, 4 ï ʕʃʊ ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʷ; 5 ï ʕʃʊ ʜʣʷ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ; 6,7 ï ʧʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʢʦʥʜʝʥʩʦʨʥʘʷ 

ʣʠʥʟʳ; 8 ï ʦʪʢʣʦʥʷʶʱʠʝ ʢʘʪʫʰʢʠ; 9 ï ʩʪʠʛʤʘʪʦʨ; 10 ï ʦʙʲʝʢʪʠʚʥʘʷ ʣʠʥʟʘ; 11 ï 

ʦʙʲʝʢʪʠʚʥʘʷ ʜʠʘʬʨʘʛʤʘ; 12 ï ʵʣʝʢʪʨʦʥʥʳʡ ʧʫʯʦʢ; 13 ï ʛʝʥʝʨʘʪʦʨ ʨʘʟʚʸʨʪʢʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʣʫʯʘ ʤʠʢʨʦʩʢʦʧʘ ʠ ʕʃʊ ʚʠʜʝʦʙʣʦʢʘ; 14 ï ʩʮʠʥʪʠʣʣʷʪʦʨ; 15 ï 

ʩʚʝʪʦʧʨʦʚʦʜ; 16 ï ʌʕʋ; 17 ï ʚʠʜʝʦʫʩʠʣʠʪʝʣʴ; 18 ï ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ; 19 ï 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʩʠʛʥʘʣ (ʦʧʪʠʯʝʩʢʠʡ, ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʠʣʠ ʵʣʝʢʪʨʦʥʥʳʡ) 

 

 

 
 

ʈʠʩ. 37. ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ 

ʘʥʦʜʠʨʦʚʘʥʥʦʛʦ ʘʣʶʤʦʦʢʩʠʜʘ (ALOX): ʘ ï ʨʘʩʪʨʦʚʳʡ ʵʣʝʢʪʨʦʥʥʳʡ 

ʤʠʢʨʦʩʢʦʧ, ʙ ï ʘʪʦʤʥʦʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧ [6] 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʷʪʩʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ (ʩʤ. ʧʨʠʤʝʨ 

ʨʘʙʦʪʳ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ʥʘ ʨʠʩʫʥʢʝ 38 ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʘʥʦʜʠʨʦʚʘʥʥʦʛʦ ʘʣʶʤʦʦʢʩʠʜʘ [5]). 
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ʈʠʩ. 38. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʘʣʶʤʦʦʢʩʠʜʘ 

(ʨʠʩ. 37, ʘ) 
 

ɺ ʨʘʙʦʪʝ [1] ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮ 

PbTe ʩʦ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ 5 ï 30 ʥʤ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʣʠʞʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ ʫʤʝʨʝʥʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʜʦ 106 ɺʪ/ʩʤ2) ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʤʠʰʝʥʴ, 

ʧʦʤʝʱʝʥʥʫʶ ʚ ʛʣʠʮʝʨʠʥ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʥʘʰʠʭ ʨʘʙʦʪʘʭ ʨʘʥʝʝ (ʩʤ. 

ʩʧʠʩʦʢ ʧʫʙʣʠʢʘʮʠʡ ʚ [1, 2, 3]), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʙʝʟ ʩʧʝʮʠʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʫʩʣʦʚʠʷʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʟʘʨʦʜʳʰ ʠ 

ʥʘʥʦʢʣʘʩʪʝʨ ʝʩʪʴ ʨʝʟʫʣʴʪʘʪ ʩʙʦʨʢʠ ʠʟ ʜʠʧʦʣʝʡ Pb++Teï. ʉʚʷʟʴ ʥʦʩʠʪ 

ʭʘʨʘʢʪʝʨ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʨʠ ʩʙʦʨʢʝ, ʠ ʧʨʠ 

ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʨʫʰʝʥʠʠ. 

ɺ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʝ ʨʘʩʯʝʪʘ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʢʣʘʩʪʝʨʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʮʝʥʪʨ ʜʠʧʦʣʷ Pb-Te ʟʘʤʝʥʷʝʪʩʷ ʪʦʯʢʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʩ ʧʦʟʠʮʠʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ, ʦʙʨʘʟʫʝʪʩʷ ʧʨʘʚʠʣʴʥʘʷ ʩʠʩʪʝʤʘ ʪʦʯʝʢ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ Fm3m, ʢʘʢ ʫ ʤʥʦʛʠʭ 

ʤʝʪʘʣʣʦʚ. ʌʦʨʤʘ ʥʘʠʤʝʥʴʰʝʛʦ ʪʦʯʝʯʥʦʛʦ ʢʣʘʩʪʝʨʘ ï ʢʫʙʦ-

ʦʢʪʘʵʜʨʠʯʝʩʢʘʷ. ʕʪʘ ʬʦʨʤʘ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʨʘʩʯʝʪ ʧʦ ʧʨʦʛʨʘʤʤʝ 

çʆrgrafè, ʧʨʠ ʨʦʩʪʝ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʢʣʘʩʪʝʨʫ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ ʟʘʨʦʜʳʰʫ ʚ ʚʠʜʝ ʢʫʙʦʦʢʪʘʵʜʨʘ (ʨʠʩ. 39). ɺʳʙʨʘʥʥʦʝ 

ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʤʝʪʦʜʘ ʢʦʣʠʯʝʩʪʚʦ ʩʬʝʨ ʨʦʩʪʘ (20 ʩʬʝʨ), ʧʨʠ ʧʝʨʠʦʜʝ 

ʨʝʰʝʪʢʠ 6,45 ¡, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢʠʤ ʞʝ ʨʘʟʤʝʨʘʤ (12,9 ʥʤ) ʨʝʙʨʘ 

ʢʫʙʦʦʢʪʘʵʜʨʘ (ʚ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ). ʂʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʥʘ k-ʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʥʦʛʦʛʨʘʥʥʠʢʘ ʨʦʩʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 10k2 + 2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʥʘʨʘʱʠʚʘʥʠʷ ʨʘʟʤʝʨʘ ʢʫʙʦʦʢʪʘʵʜʨʘ ʜʦ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʚʝʣʠʯʠʥ (8 

ï 30 ʥʤ) ʧʦʥʘʜʦʙʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʩʯʝʪʝ ʦʪ 20 ʜʦ 50 çʩʬʝʨè.  

 

 
 

ʈʠʩ. 39. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʦʩʪʘ ʢʣʘʩʪʝʨʘ PbTe 

ʚ ʤʦʜʝʣʠ ʝʛʦ ʨʘʟʚʠʪʠʷ 

 

ʇʨʠʤʝʨʳ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʤʢʘʭ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʪʫʥʥʝʣʴʥʳʤʠ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʳʤʠ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʤʠʢʨʦʩʢʦʧʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 40. 
 

 
 

ʈʠʩ. 40. ʇʨʠʤʝʨʳ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʟʘʨʦʜʳʰʝʡ (ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ) ʧʦ ʨʘʟʣʠʯʥʳʤ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʠʩʪʦʯʥʠʢʘʤ: ʘ ï CdSe ʠ ʦʨʛʘʥʠʯʝʩʢʘʷ ʤʦʣʝʢʫʣʘ; ʙ ï ʧʠʨʘʤʠʜʢʘ Ge ʥʘ 

ʢʨʝʤʥʠʝʚʦʡ ʧʣʘʪʬʦʨʤʝ; ʚ ï ʢʚʘʥʪʦʚʘʷ ʪʦʯʢʘ CdS 
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ʇʨʠʤʝʨ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʙʦʨʢʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʤʦʥʦʢʣʠʥʥʦʡ ʠ 

ʨʦʤʙʠʯʝʩʢʦʡ ʩʝʨʳ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʫʶʱʠʡ ʨʦʩʪ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ, 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʫʧʘʢʦʚʢʦʡ ʤʦʣʝʢʫʣ ʩʝʨʳ S8 ʚ ʨʝʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 41. 

 

 
 

ʈʠʩ. 41. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ ʤʦʣʝʢʫʣʘʤʠ 
ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʬʝʨ ʩʝʨʳ: ʘ ï ʤʦʥʦʢʣʠʥʥʦʡ; ʙ ï ʨʦʤʙʠʯʝʩʢʦʡ: 
ˉ - ʥʦʤʝʨ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ, ʍ ï ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʬʝʨ 
 
 

2.5. ʇʨʦʙʣʝʤʘ ʢʦʥʪʘʢʪʦʚ ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʡ ʩʠʩʪʝʤʝ 
ʠ ʢʣʘʩʪʝʨʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʣʴʮʘ. ʉʙʦʨʢʘ ʥʘʥʦʩʠʩʪʝʤ 

 

ɼʣʷ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʘʞʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ 

ʵʣʝʢʪʨʦʥʦʚ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʨʘʙʦʪʝ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʩʦʙʨʘʥʥʳʭ ʥʘ ʥʘʥʦʫʨʦʚʥʝ. ʇʨʠʯʠʥʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʥʘʨʫʰʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚ, ʤʦʞʥʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ çʚʥʝʰʥʠʝè ʠ çʚʥʫʪʨʝʥʥʠʝè. 

ɺʥʫʪʨʝʥʥʠʝ ʧʨʠʯʠʥʳ ʩʚʷʟʘʥʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʙʝʟʜʝʬʝʢʪʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʢʚʘʥʪʦʚʳʭ 

ʪʦʯʝʢ (ʥʘʥʦʢʣʘʩʪʝʨʦʚ), ʘ ʟʘʪʝʤ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʩʙʦʨʢʠ ʚ ʤʝʩʪʘʭ 

ʢʦʥʪʘʢʪʦʚ, ʪʦ ʝʩʪʴ ʩ ʪʘʢʦʡ ʞʝ ʧʨʦʙʣʝʤʦʡ, ʩ ʢʦʪʦʨʦʡ ʩʪʦʣʢʥʫʣʘʩʴ ʚ 

ʥʘʯʘʣʝ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ (ʩʤ. ʥʦʙʝʣʝʚʩʢʫʶ ʣʝʢʮʠʶ 

ɾ. ʀ. ɸʣʬʝʨʦʚʘ). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠ ʢʚʘʥʪʦʚʘʷ ʪʦʯʢʘ, ʠ ʧʨʦʚʦʜʥʠʢ ʥʘ 
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ʥʘʥʦʫʨʦʚʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʠ ʢʘʢʠʤ ʦʙʨʘʟʦʤ 

ʢʣʘʩʪʝʨ ʙʫʜʝʪ ʢʦʥʪʘʢʪʠʨʦʚʘʪʴ ʩ ʤʠʬʠʯʝʩʢʦʡ ʧʦʣʫʧʣʦʩʢʦʩʪʴʶ 

ʧʨʦʚʦʜʥʠʢʘ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ, ʥʝ ʩʦʚʩʝʤ ʧʦʥʷʪʥʦ. ʀ 

ʢʚʘʥʪʦʚʘʷ ʪʦʯʢʘ, ʠ ʧʨʦʚʦʜʥʠʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʢʣʘʩʪʝʨʳ, ʘ ʠʭ ʛʝʦʤʝʪʨʠʷ (ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ 

ʢʦʦʨʜʠʥʘʮʠʠ ʘʪʦʤʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʧʣʦʩʢʦʩʪʷʭ) ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʥʦʚ. ʆʯʝʚʠʜʥʦ, ʥʘʧʨʠʤʝʨ, ʯʪʦ 

ʨʦʣʴ ʧʨʦʚʦʜʥʠʢʘ ʜʦʣʞʥʳ ʠʛʨʘʪʴ ʣʠʙʦ ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʟʘʨʦʜʳʰʠ, ʣʠʙʦ çʚʳʨʝʟʘʥʥʳʝ 

ʢʘʢʠʤ-ʣʠʙʦ ʦʙʨʘʟʦʤè ʥʘʥʦʧʦʣʦʩʢʠ ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʨʝʘʣʴʥʳʭ 

ʨʘʟʤʝʨʦʚ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʵʪʠʭ 

ʮʝʣʝʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʦʜʭʦʜʷʪ ʦʜʥʦʩʣʦʡʥʳʝ ʠʣʠ ʤʥʦʛʦʩʣʦʡʥʳʝ 

ʛʨʘʬʝʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʠʣʠ ʋʅʊ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʥʝʦʙʭʦʜʠʤ 

ʘʧʨʠʦʨʥʳʡ ʢʦʤʧʴʶʪʝʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ï ʭʦʪʷ ʙʳ ʥʘ 

ʫʨʦʚʥʝ ʛʝʦʤʝʪʨʠʠ, ʥʦ ʙʣʠʟʢʠʡ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ï ʨʝʟʫʣʴʪʘʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʧʨʠ ʠʭ ʢʦʥʪʘʢʪʝ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ, ʥʘ ʦʩʥʦʚʝ ʨʘʩʰʠʨʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʘʥʝʝ 

ʘʚʪʦʨʘʤʠ [7] 3D ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʩʦʟʜʘʥʘ ʥʦʚʘʷ ʧʨʦʛʨʘʤʤʘ, 

ʠʤʠʪʠʨʫʶʱʘʷ ʧʨʦʮʝʩʩ ʩʙʦʨʢʠ ʨʝʘʣʴʥʳʭ (ʠʣʠ ʤʦʜʝʣʴʥʳʭ) 

ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʨʘʤʢʘʭ ʦʜʥʦ- ʠʣʠ 

ʤʥʦʛʦʮʝʥʪʨʦʚʦʡ ʟʘʜʘʯʠ ʟʘʨʦʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨ. ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ (ʦʜʠʥ 

ʮʝʥʪʨ) çʚʳʨʘʩʪʘʝʪè ʥʘʥʦʨʘʟʤʝʨʥʳʡ ʟʘʨʦʜʳʰ ʤʦʥʦʢʨʠʩʪʘʣʣʘ, ʘ ʚʦ 

ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ (ʤʥʦʛʦʮʝʥʪʨʦʚʘʷ ʟʘʜʘʯʘ) ʧʦʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ (ʅʇ). ɺ ʤʥʦʛʦʮʝʥʪʨʦʚʦʡ ʟʘʜʘʯʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʪʨʠ ʚʘʨʠʘʥʪʘ ʨʘʩʯʝʪʘ: ʧʝʨʚʳʡ, ʅʇ - ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʡ 

ʩʦ ʩʣʫʯʘʡʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʮʝʥʪʨʦʚ ʟʘʨʦʞʜʝʥʠʷ ʚ ʩʣʫʯʘʡʥʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʨʦʩʪʘ; ʚʪʦʨʦʡ, ʅʇ ï ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʡ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʮʝʥʪʨʦʚ ʟʘʨʦʞʜʝʥʠʷ; ʠ ʪʨʝʪʠʡ, ʅʇ ï 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ (ʛʝʪʝʨʦʬʘʟʥʳʡ) ʩʦ ʩʣʫʯʘʡʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ 

ʮʝʥʪʨʦʚ ʟʘʨʦʞʜʝʥʠʷ ʚ ʩʣʫʯʘʡʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʅʘ ʨʠʩʫʥʢʝ 42 

ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʩʙʦʨʢʠ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʥʘʥʦʢʣʘʩʪʝʨʘ ʚ ʬʦʨʤʝ 

ʢʚʘʥʪʦʚʦʛʦ ʢʦʣʴʮʘ, ʘ ʩ ʦʜʥʦʬʘʟʥʳʤ ʥʘʥʦʧʦʣʠʢʨʠʩʪʘʣʣʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 43. 
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ʈʠʩ. 42. ʀʢʦʩʘʵʜʨʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ ʚ ʢʦʥʪʘʢʪʝ ʩ ʛʝʪʝʨʦʬʘʟʥʦʡ 

ʥʘʥʦʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʣʦʢʦʡ ʚ ʧʨʦʛʨʘʤʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʥʦʛʦʮʝʥʪʨʦʚʦʡ ʟʘʜʘʯʠ ʨʦʩʪʘ ʦʙʨʘʟʫʝʪ ʢʚʘʥʪʦʚʦʝ ʢʦʣʴʮʦ 
 

 

 
 

 

ʈʠʩ. 43. ʄʦʜʝʣʴ ʥʘʥʦʤʝʨʥʦʡ ʤʥʦʛʦʬʘʟʥʦʡ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

çʧʨʦʚʦʣʦʢʠè 
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ʈʠʩ. 44. ʀʢʦʩʘʵʜʨʠʯʝʩʢʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ ʚ ʢʦʥʪʘʢʪʝ ʩ 

ʦʜʥʦʬʘʟʥʳʤ ʧʦʣʠʢʨʠʩʪʘʣʣʦʤ 

 

ʇʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʝʰʘʝʪʩʷ 

ʧʨʦʙʣʝʤʘ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚʝʱʝʩʪʚ ʥʘ ʦʩʥʦʚʝ ʠʭ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʩʦʦʪʚʝʪʩʪʚʠʷ, ʢʘʢ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʢʨʠʩʪʘʣʣʦʚ ʩ 

ʤʦʣʝʢʫʣʘʤʠ, ʢʨʠʩʪʘʣʣʦʚ ʩ ʢʨʠʩʪʘʣʣʘʤʠ ʠʣʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʩ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʠ ʢʨʠʩʪʘʣʣʘʤʠ. ʉʦʟʜʘʚʘʷ ʥʘʥʦʩʭʝʤʳ, ʤʦʜʝʣʠʨʫʶʱʠʝ 

ʵʣʝʤʝʥʪʳ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʬʨʘʢʪʘʣʴʥʳʭ ʥʘʥʦʘʥʪʝʥʥ, 

ʩʚʝʨʭʨʝʰʝʪʦʢ, ʪʨʘʥʟʠʩʪʦʨʦʚ ʠ ʪ. ʧ.) ʠ ʧʨʦʠʟʚʦʜʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʨʘʩʯʝʪʳ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ ʫʩʪʘʥʦʚʦʢ, ʧʦʣʫʯʘʝʤ 

ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʝ.  

ʅʘ ʨʠʩʫʥʢʝ 45 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʢʦʤʧʴʶʪʝʨʥʦʡ ʠʤʠʪʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʧʦʩʘʜʢʠ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʘʥʪʨʘʮʝʥʘ, ʦʙʣʘʜʘʶʱʝʛʦ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʘ ʤʦʜʝʣʴʥʫʶ ʧʣʘʪʬʦʨʤʫ ʪʘʢ, ʢʘʢ 

ʝʩʣʠ ʙʳ ʝʛʦ ʤʦʞʥʦ ʙʳʣʦ ʨʝʘʣʴʥʦ ʧʨʦʚʝʩʪʠ ʩ ʧʦʤʦʱʴʶ ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ. ʅʘʥʦʩʪʨʫʢʪʫʨʘ ʘʥʪʨʘʮʝʥʘ ʨʘʩʩʯʠʪʘʥʘ ʪʘʢ 

ʞʝ, ʢʘʢ ʠ ʜʣʷ ʩʝʨʳ, ʥʘ ʦʩʥʦʚʝ ʟʥʘʥʠʷ ʢʦʦʨʜʠʥʘʮʠʡ ʤʦʣʝʢʫʣ ʘʥʪʨʘʮʝʥʘ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʤʝʪʦʜʘʤʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 
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ʈʠʩ. 45. ʀʤʠʪʘʮʠʷ çʧʦʩʘʜʢʠè ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʘʥʪʨʘʮʝʥʘ ʥʘ 
ʤʦʜʝʣʴʥʫʶ ʧʣʘʪʬʦʨʤʫ (ʯʝʨʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ 

ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʝ ʚʥʝʰʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʚʷʟʠ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʪʨʘʮʝʥʘ) 

 

ʈʝʰʘʷ ʤʥʦʛʦʮʝʥʪʨʦʚʫʶ ʟʘʜʘʯʫ ʨʦʩʪʘ ʟʘʨʦʜʳʰʝʡ ʧʨʠ ʤʘʩʩʦʚʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʧʦʣʫʯʘʝʤ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ 

ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʘʢ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 46. 

 

 
 

ʈʠʩ. 46. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʥʘʥʦʩʪʨʫʢʪʫʨ ʧʨʠ 

ʤʘʩʩʦʚʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʤʥʦʛʦʮʝʥʪʨʦʚʘʷ ʟʘʜʘʯʘ ʨʦʩʪʘ) 
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ʈʠʩ. 47. ʀʢʦʩʘʵʜʨʠʯʝʩʢʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ ʚ ʢʦʥʪʘʢʪʝ ʩ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʣʦʢʦʡ 

 

 

ʉʣʦʞʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʩʭʝʤ ʠ ʠʭ ʩʙʦʨʢʠ ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʩʚʷʟʘʥʘ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ 

ʧʦʣʥʦʛʦ ʙʘʥʢʘ ʩʪʨʫʢʪʫʨ ʥʝ ʪʦʣʴʢʦ ʨʝʘʣʴʥʳʭ, ʥʦ ʠ ʤʦʜʝʣʴʥʳʭ 

ʥʘʥʦʢʣʘʩʪʝʨʦʚ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʣʷ ʨʘʩʯʝʪʘ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʠʟ 1000 

ʘʪʦʤʦʚ ʧʨʷʤʳʤ ʧʝʨʝʙʦʨʦʤ 1000 (!) ʚʘʨʠʘʥʪʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʚ 

ʤʦʜʝʣʠ ʪʨʫʜʥʦ ʥʘʡʪʠ ʨʝʘʣʴʥʳʝ ʢʣʘʩʪʝʨʳ. ʂʦʤʧʣʝʢʩʥʳʤ ʧʦʜʭʦʜʦʤ ʢ 

ʨʘʩʯʝʪʘʤ ʩʪʨʫʢʪʫʨ ʥʘʥʦʢʣʘʩʪʝʨʦʚ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʩʦʚʤʝʩʪʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʠ ʥʘ 

ʘʥʘʣʠʟʝ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʢʦʦʨʜʠʥʘʮʠʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠ 

ʤʦʣʝʢʫʣʘʤʠ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

(ʈʉɸ), ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʠʤʝʥʝʥʠʷ ʥʘʤʠ ʤʝʪʦʜʠʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʥʘʥʦʢʣʘʩʪʝʨʦʚ 

ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʙʘʟ ʜʘʥʥʳʭ ʈʉɸ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 19. 
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ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʷʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘʥʦʢʣʘʩʪʝʨʦʚ, ʤʦʜʝʣʠ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 

19, ʧʦʢʘ ʩʫʱʝʩʪʚʫʝʪ ʤʘʣʦ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʨʠʤʝʨʦʚ ʧʨʠʚʝʜʝʤ 

ʬʦʪʦʛʨʘʬʠʶ ʨʝʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʚʝʱʝʩʪʚʫ ʦʢʩʠʜʘ ʮʠʥʢʘ, 

ʧʦʣʫʯʝʥʥʫʶ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʨʠʩʫʥʦʢ 48, ʘ), ʠ 

ʤʦʜʝʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘʥʦʧʦʣʠʢʨʠʩʪʘʣʣʘ (ʨʠʩʫʥʦʢ 48, ʙ), 

ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʧʨʦʛʨʘʤʤʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʥʦʛʦʮʝʥʪʨʦʚʦʡ ʟʘʜʘʯʠ ʟʘʨʦʞʜʝʥʠʷ ʢʣʘʩʪʝʨʦʚ. 

 

 

 

ʈʠʩ. 48. ʅʘʥʦʢʣʘʩʪʝʨʳ ʦʢʩʠʜʘ ʮʠʥʢʘ: ʘ ï ʨʘʟʤʝʨʘʤʠ ʦʢʦʣʦ 500 ʥʤ ʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ [5]; ʙ ï ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʥʦʛʦʮʝʥʪʨʦʚʦʡ ʟʘʜʘʯʠ ʟʘʨʦʞʜʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ZnO 

(ʨʘʥʝʝ ʥʝ ʦʧʫʙʣʠʢʦʚʘʥʦ) 

 

 

2.6. ʂʣʘʩʪʝʨʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ  

 

ɸʥʪʨʘʮʝʥ, ʧʝʥʪʘʮʝʥ, ʢʦʨʦʥʝʥ ʦʪʥʦʩʷʪʩʷ ʢ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [11] 

(ʨʠʩ. 49). ʆʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʙʝʥʟʦʣʴʥʳʝ 

ʢʦʣʴʮʘ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʚʫʭ ʠ ʙʦʣʝʝ ʝʜʠʥʠʮ. 
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ʈʠʩ. 49. ʄʦʣʝʢʫʣʷʨʥʳʝ ʢʣʘʩʪʝʨʳ: ʘ ï ʧʝʥʪʘʮʝʥ (ʉ22ʅ14); ʙ ï ʢʦʨʦʥʝʥ 

(ʉ24ʅ12); ʚ ï ʘʥʪʨʘʮʝʥ (ʉ14ʅ10) ʚ ʂɹʉɼ [3] 

 

ɼʘʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʚ 

ʦʙʣʘʩʪʠ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ: ʦʥʠ ʷʚʣʷʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ. ʅʘʧʨʠʤʝʨ, ʧʝʥʪʘʮʝʥ ʷʚʣʷʝʪʩʷ p-ʦʙʣʘʩʪʴʶ ʚ 

ʥʝʢʦʪʦʨʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʤʦʙʠʣʴʥʦʩʪʴ ʟʘʨʷʜʦʚʳʭ ʥʦʩʠʪʝʣʝʡ ʩʦʩʪʘʚʠʪ ʜʦ 5 ʩʤ2/ɺ. 

 
 

ʈʠʩ. 50. ɸʥʪʨʘʮʝʥ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʆʈɻʈɸʌ 

(çʂʦʤʧʴʶʪʝʨʥʳʡ ʥʘʥʦʩʢʦʧè) 
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2.7. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʚʦʣʶʮʠʠ ʜʣʷ ʤʠʢʨʦʙʠʦʣʦʛʠʠ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʟʚʝʩʪʥʦʛʦ ʤʠʢʨʦʙʠʦʣʦʛʘ ɽ. ʂʫʥʠʥʘ, ʧʨʦʚʝʜʝʥʥʳʝ 

ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʩʠʩʪʝʤ, ʩʪʘʪʠʩʪʠʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʧʨʦʛʨʘʤʤ ʤʥʦʛʦʤʝʨʥʦʛʦ ʰʢʘʣʠʨʦʚʘʥʠʷ, ʧʨʠʚʝʣʠ ʘʚʪʦʨʘ [1] ʢ 

ʩʣʝʜʫʶʱʠʤ ʚʳʚʦʜʘʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʩʦʩʪʦʷʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ 

ʚʠʨʫʩʦʣʦʛʠʠ: çʇʦ-ʥʘʩʪʦʷʱʝʤʫ ʧʨʠʛʦʜʥʳʡ ʢʦʥʮʝʧʪʫʘʣʴʥʳʡ ʘʧʧʘʨʘʪ ʠ 

ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʩʠʥʭʨʦʥʥʦʛʦ, ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʘʥʘʣʠʟʘ 

ʜʨʝʚʦʚʠʜʥʳʭ ʠ ʩʝʪʝʚʠʜʥʳʭ ʵʚʦʣʶʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʝʱʝ ʪʦʣʴʢʦ 

ʧʨʝʜʩʪʦʠʪ ʨʘʟʨʘʙʦʪʘʪʴ. ʂʘʢ ʪʦʣʴʢʦ ʪʘʢʠʝ ʤʝʪʦʜʳ ʧʦʷʚʷʪʩʷ, ʤʳ ʥʘʯʥʝʤ 

ʨʘʩʧʦʟʥʘʚʘʪʴ ʠʩʪʠʥʥʫʶ ʢʘʨʪʠʥʫ ʵʚʦʣʶʮʠʠ. ʈʘʟʨʘʙʦʪʢʘ ʘʜʝʢʚʘʪʥʦʡ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʵʚʦʣʶʮʠʠ ʧʨʦʢʘʨʠʦʪ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚʳʟʦʚʦʤ ʩʣʝʜʫʶʱʝʛʦ ʵʪʘʧʘ ʚ ʨʘʟʚʠʪʠʠ ʵʪʦʡ ʩʬʝʨʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡè. ɺ ʢʥʠʛʝ ʧʨʠʚʦʜʠʪʩʷ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

çʛʝʥʦʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝè ʜʠʥʘʤʠʢʠ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʠʜʫʱʝʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʫʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ (ʨʠʩʫʥʦʢ 51). 

ʇʦʠʩʢ çʦʙʱʝʛʦ ʧʨʝʜʢʘè ʚ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʪʨʝʭʤʝʨʥʳʤʠ 

ʩʝʯʝʥʠʷʤʠ ʧʨʦʮʝʩʩʘ (ʧʦ ʂʫʥʠʥʫ). 

ɼʣʷ ʨʝʰʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʥʘʤʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʧʘʨʘʪʘ ʛʨʫʧʧ ʥʘʨʫʰʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ 

(ɻʅʉ) [2], ʪʘʢ ʢʘʢ ʧʨʠ ʛʨʫʧʧʦʚʳʭ ʨʘʩʯʝʪʘʭ ʧʨʦʮʝʩʩʦʚ ʩ ʥʘʨʫʰʝʥʥʦʡ 

ʩʠʤʤʝʪʨʠʝʡ ʨʘʟʤʝʨʥʦʩʪʴ ʠ ʪʦʧʦʣʦʛʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ. 

ɺ ʵʪʦʤ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʟʘʢʣʶʯʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɻʅʉ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʤʦʜʝʣʷʤʠ. 
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ʈʠʩ. 51. ʉʝʪʝʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʚʦʣʶʮʠʠ ʧʨʦʢʘʨʠʦʪ (ʧʦ [1]) 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʵʚʦʣʶʮʠʠ ʜʣʷ ʤʠʢʨʦʙʠʦʣʦʛʠʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʠʪʴ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʛʨʫʧʧ ʥʘʨʫʰʝʥʥʦʡ 

ʩʠʤʤʝʪʨʠʠ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʤʝʪʦʜʠʢ. ʇʝʨʚʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʨʘʩʯʝʪʳ ʙʠʥʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʤʦʞʥʦ ʙʳʣʦ ʙʳ çʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴè. ɺʪʦʨʘʷ 

ʤʝʪʦʜʠʢʘ ʜʦʣʞʥʘ ʧʦʟʚʦʣʠʪʴ ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʝ ʪʦʣʴʢʦ ʥʘ ʠʟʚʝʩʪʥʳʭ ʩʚʦʡʩʪʚʘʭ 

ʩʠʩʪʝʤʳ, ʥʦ ʠ ʥʘ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʦ ʝʝ ʚʦʟʤʦʞʥʦʩʪʷʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʡ 

ʩʠʩʪʝʤʳ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʢʦʥʝʯʥʳʭ ʛʨʫʧʧ ʩʠʤʤʝʪʨʠʠ ʠ 

ʥʝʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʥʘʨʫʰʝʥʠʷ ʩʠʤʤʝʪʨʠʠ. ɺ ʨʘʙʦʪʝ [3], ʚ 

ʯʘʩʪʥʦʩʪʠ, ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʪʘʢʦʡ ʘʥʘʣʠʟ ʚ ʛʨʫʧʧʝ ʢʚʘʪʝʨʥʠʦʥʦʚ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʘ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʳʙʨʘʪʴ ʚʝʢʪʦʨʳ: 0 = (1, i), 1 = (ï 1, ïi), 2 = (i, 1), 3 = (ïi, 

ï1), 4 = (1, ïi), 5 = (ï1, i), 6 = (ïi, 1), 7 = (i, ï1), ʪʦ, ʢʘʢ ʠʟʚʝʩʪʥʦ ʠʟ 

ʤʘʪʝʤʘʪʠʢʠ, ʠʤ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʧʝʨʘʮʠʦʥʥʦʝ ʤʥʦʞʝʩʪʚʦ, 

ʦʙʨʘʟʫʶʱʝʝ ʜʚʫʭʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ: 
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ɺʳʨʘʞʘʷ ʵʣʝʤʝʥʪʳ ʤʥʦʞʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʯʝʨʝʟ ʧʦʜʩʪʘʥʦʚʢʠ, 

ʙʫʜʝʤ ʠʤʝʪʴ ʚʦʩʝʤʴ ʦʧʝʨʘʮʠʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʨʫʧʧʫ 8-ʛʦ ʧʦʨʷʜʢʘ 

(ʪʘʙʣʠʮʘ 20). 

ʊʘʙʣʠʮʘ 20 

ʊʘʙʣʠʮʘ ʂʵʣʠ 

g(0) = 1= e = (0 1 2 3 4 5 6 7)= (0)(1)(2)(3)(4)(5)(6)(7);  

g(1) = i = ( 2 3 1 0 7 6 4 5) = (0213)(4756); 

g(2) = j = ( 4 5 6 7 1 0 3 2) = (0415)(2637);  

g(3) = k = (6 7 5 4 2 3 1 0) = (0617)(2534); 

g(4) = -1 = (1 0 3 2 5 4 7 6) = (01)(23)(45)(67);  

g(5) = -i = (3 2 0 1 6 7 5 4) = (0312)(4657); 

g(6) = -j = (5 4 7 6 0 1 2 3) = (0514)(2736);  

g(7) = -k = (7 6 4 5 3 2 0 1) = (0716)(2435), 

 

ʇʦʩʪʘʚʠʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʘʞʜʦʤʫ ʯʠʩʣʫ ʚ ʟʘʧʠʩʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʩʪʘʥʦʚʦʢ ʛʨʫʧʧʳ ʢʚʘʪʝʨʥʠʦʥʦʚ ʜʚʘ (ʤʦʞʥʦ ʠ 

ʙʦʣʴʰʝ) ʯʠʩʣʘ, ʘ ʪʘʢ ʢʘʢ ʩʠʤʚʦʣʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʛʨʫʧʧʫ 

ʢʚʘʪʝʨʥʠʦʥʦʚ, ʚʩʝʛʦ 8, ʪʦ ʠ ʧʦʨʷʜʦʢ ʧʦʣʫʯʝʥʥʦʡ ʛʨʫʧʧʳ ʩʪʘʥʝʪ ʨʘʚʥʳʤ 

N = 16. ʊʘʙʣʠʮʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʪʘʨʳʭ ʠ ʥʦʚʳʭ ʩʠʤʚʦʣʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʙʨʘʥʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʦʛʦ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʥʘʙʦʨʘ ʯʠʩʝʣ: 

0 = (0,1); 1 = (2,3); 2 = (4,5); 3 = (6,7); 4 = (8,9); 5 = (10,11); 6 = (12,13); 

7= (14,15). 

ʇʦʩʣʝʜʫʶʱʘʷ ʟʘʧʠʩʴ ʥʦʚʳʭ ʦʧʝʨʘʮʠʡ (gʅ) ʧʦʜʩʪʘʥʦʚʦʢ ʠ ʠʭ 

ʮʠʢʣʠʯʝʩʢʠʭ ʨʘʟʙʠʝʥʠʡ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

 
 


